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ABSTRACT
Large hospitals are being built in the way that divorces patients from the natural
environments (i.e., daylight, natural ventilation and therapeutic landscapes) (Verderber &
Fine, 2000). Empirical research on this subject suggests that patients experience physical
environment-related stress in such settings due to lack of control and insufficient
connectivity with the exterior world (Ulrich et al., 2004). On the other hand, nature has
been proven therapeutic in many ways, such as in reducing mental fatigue (Kaplan &
Kaplan, 1989), reducing stress (Ulrich, 1999), reducing pain (Vincent, 2009). Although
gardens are seeing a revival in hospitals in the recent decade, issues of the inadequate
usability of healing gardens in general hospitals are emerging, primarily yields to twofold
aspects: low visibility, and difficulties of accessibility (Pasha, 2010; Cooper-Marcus,
2007). This study aimed to reappraise landscape and architectural design patterns that can
be used to address the current disconnect existing between therapeutic landscapes and
architectural interiors within urban healthcare environments. The theory of transparency,
initially presented by architecture theorists (Rowe & Slutzky, 1997; Hoesli, 1997), that
expressed a type of continuous space with blurred boundaries between interiors and
exteriors, was operationalized in this investigation to describe a continuum of flow
between architecture and therapeutic landscapes within healthcare environments. Twelve
patterns of design considerations that can encourage such an experience were derived and
reshaped from the pattern language of town, buildings and construction (Alexander et al,
1977) and the typology study of hospital outdoor environments (Cooper-Marcus & Sachs,
2013). Then, the stress-reducing effects of one selected pattern, “therapeutic viewing
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place”, were rigorously tested using Evidence-Based Design strategies. It tested and
compared the stress-reducing effects of transparent hospital waiting area with two other
typical design patterns - total exclusion of nature, and with limited window views of
nature. Methodologically, the study developed an integrative method for exploring and
quantifying the stress-reducing effect of transparent spaces by combining
psychophysiological measurements, mood states survey and preference study in a quasiexperimental study. Furthermore, the potential links between environmental perception,
people’s stress levels, and mood states were also explored by using the mixed method.
Eventually, this study contributed to a larger body of literature that discussed the peoplenature relationship within healthcare environments, and presented preliminary design
guidelines in correspondence to the selected design patterns of transparent space.
Keywords
Therapeutic landscapes, healing garden, transparent space, urban health facilities, stress,
pattern, and evidence-based design
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CHAPTER ONE
A MISSING PIECE TO CONNECT NATURE
IN CURRENT HEALTHCARE DESIGNS

1.1 Introduction
Modern mega-hospitals are being criticized for their ignorance of humanistic
concerns in many ways (Verderber, 2006). As Figure 1.1 shown, mega-hospitals are often
built in a way that divorces patients from the natural environment (i.e., daylight, natural
ventilation, and therapeutic landscapes) (Verderber & Fine, 2000). Verderber (2010) has
pointed out that “a hospital/medical center can no longer think of itself as an island, or for
whatever reasons exempt from its urban ecological context” (p.4). Empirical research on
these subjects suggests that patients experience many physical environment-related stress
in such settings due to way-finding difficulties, lack of control, and insufficient
connectivity with the exterior world (Ulrich et al., 2004). Stress is known as a significant
barrier to patient’s recovery because it negatively tones immune systems, emotions,
psychological responses and behaviors (Cohen et al., 1991; Rabin et al., 1989; Ulrich,
1999).

Figure 1.1 Building Typology of Mega-Hospital
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Since the 1990s’ trend of patient-centered care, healthcare professionals are
seeking solutions to relieve the various environmental stressors, such as using urban
design strategies to improve way-finding (Allison, 2012), deconstructing the megahospital by redefining the functions in different buildings of a village-like complex
(Verderber & Fine, 2000), and introducing positive distractions, such as therapeutic
natural views, to people for the overall stress reduction (Ulrich, 1999). Courtyards and
articulated building forms that were once necessary for daylight and natural ventilation in
eras before electric lighting and mechanical conditioning systems remain rare in the
modern hospital.
Although hospital gardens are seeing revivals in current hospital environments
aimed to reduce patients’ stress and enhance health outcome (Ulrich, 1999, 2004;
Cooper-Marcus & Barnes, 1995, 1999; Cooper-Marcus & Sachs, 2013), issues of the
inadequate usability of healing gardens in general hospitals have emerged, majorly yield
to twofold aspects: low visibility, and difficulties of accessibility (Pasha, 2010; CooperMarcus, 2007). Cooper-Marcus has identified the issues of inappropriate design of
hospital garden: “(hospital) outdoor space is sometimes seen as what separates buildings
or what’s left over” (Cooper-Marcus, 2007, p.21); “(extensive landscaped grounds) may
serve as a reserve for future expansion of the healthcare facility and eventually be built
over” (Cooper-Marcus & Sachs, 2013, p.36).
In the above situations it is critical to explore how nature can be fully integrated
into the dense medical centers. Based on the hypothesis that the wellness benefits may
tend to be optimized in certain situations involving long duration exposure to nature
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(Ulrich, 1991), is there a way to develop the healthcare design patterns that can bring
therapeutic landscapes and healing gardens more consistently closer to patients and form
such continuum of landscape-architectural flow?
In this context, this study examined how the degree of visual connection to nature
engaged hospital occupants more fully, as a result, optimized the reduction of patient and
occupant stress in urban healthcare environments. Transparency, a term initially
presented by architecture theorists (Rowe et al., 1997), refers to a continuous space that
blurs the boundaries of interior and exterior. Transparency in architecture is not just an
optical characteristic of space that uses pervious building materials; it also implies a
broader spatial organization of a simultaneous perception of different spatial locations
(Rowe et al., 1997). This study operationalized a unified continuum of landscapearchitecture-flow within healthcare environments. The mega-hospital should be
functionally segmented into a medical campus. Using transparent spaces may encourage
people-nature engagement and the use of healing gardens, and ultimately enhance stressreducing effects of therapeutic landscapes (as Figure 1.2 shown).

Figure 1.2 New Paradigm of Urban Medical Campus with Integrative Therapeutic Landscapes

3

A pattern language of transparent spaces that may encourage the experience of
landscape-architectural flow within healthcare environments, consisting of 12 design
considerations, was used to form this study. These patterns were derived and reshaped
from the pattern language of town, buildings, and construction (Alexander et al, 1977) as
well as the typology studies of hospital outdoor environments (Cooper-Marcus & Sachs,
2013). Then, the study used a survey-embedded quasi-experiment to test the stressreducing effect of one selected pattern, the “therapeutic viewing place”.
1.2 Research Questions and Hypotheses
1.2.1 Research Goals
This study involved three realms of knowledge, including natural environment,
built environment and user’s perception and experience (see Figure 1.3). The goal of the
study was to propose appropriate evidence-based design guidelines in healthcare facility
design that fully integrated therapeutic landscapes and reduced stress. The core of the
goal was the improvement of occupants’ well-being.

Figure 1.3 Overview of the three realms of knowledge in this study
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This study had three specific goals to achieve:
Goal 1: to present the preliminary design patterns that can be used to address the
disconnection existing between landscape and architectural spaces and encourage
patients’ engagement with therapeutic landscapes in urban healthcare environment.
Goal 2: to explore the stress-reducing effects of transparent spaces within large
health facilities by controlled trials and evidence-based strategies — take the transparent
waiting areas as the representative of the pattern “therapeutic viewing place”.
Goal 3: to develop an integrative method for exploring and quantifying the stressreducing effects of transparent spaces, by using psychophysiological measurements, a
mood state test and a visual preference study in a survey-embedded quasi-experiment.
Furthermore, the potential links between the space’s transparency features and people’s
preference were explored by using the mixed method.
1.2.2 Research Questions
This study examined the visual benefits of the “therapeutic viewing place”. Take
hospital waiting areas for instance, which yields one general research question and three
more specific research questions.
General Research Question: How can transparent spaces be applied in the
hospital waiting areas that optimize patients’ stress-reduction, mood change and
preference compared with two other typical design patterns - (a) total exclusion of nature,
and (b) with limited window views to nature?
Specific Research Question 1: What are people’s perceived levels of stress when
viewing three categories of images of hospital waiting areas - (a) total exclusion of nature,
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(b) with limited window views to nature, and (c) transparent spaces with maximum
natural views?
Specific Research Question 2: How people’s mood change when viewing three
categories of images of hospital waiting areas - (a) total exclusion of nature, (b) with
limited window views to nature, and (c) transparent spaces with maximum natural views?
Specific Research Question 3: What are people’s preference scores when viewing
three categories of images of hospital waiting areas - (a) total exclusion of nature, (b)
with limited window views to nature, and (c) transparent spaces with maximum natural
views?
1.2.3 Hypotheses
The research questions proposed above were further translated to three detailed
hypotheses:
Hypothesis 1: People's levels of stress will decrease most significantly when
seeing the image of a transparent hospital waiting area that has maximum natural views
rather than images of hospital waiting areas with limited or no window views of nature.
Hypothesis 2: After viewing the image of a transparent hospital waiting area with
maximum natural views, people's mood will be more positive than viewing images of
hospital waiting areas with limited or no window views of nature.
Hypothesis 3: People prefer the images of transparent hospital waiting areas with
maximum natural views rather than the images of hospital waiting areas with limited or
no window views of nature.

6

1.3 Key Concepts
1.3.1 Therapeutic Landscapes and Healing Gardens:
A General Overview
From architectural historians’ perspective of views, “therapeutic landscapes”
considers the term therapeutic in its broadest definition. In 1839, Medical Dictionary
defined therapeutics as including the “healing powers of nature” (Hooper, 1839). As
Gerlach-Spriggs and Heal (2010) stated, “health care gardens are described by a broad
and vague collection of overlapping terms that obscure fundamental aspects of the
purpose and design of these important spaces. Healing, meditation, contemplation, and
restorative gardens all have their place in the medical endeavor” (Gerlach-Spriggs &
Heal, 2010, para. 3). Concepts used in this realm come from different schools of theories.
Since a comprehensive review of theories has been discussed in the above section, terms
used in these schools are briefly examined here, as shown in Table 1.1.
Medical geographers firstly promote the concept “therapeutic landscape” to
define places with natural or historic features for the maintenance of health and wellbeing (Velarde et al., 2007). The term “therapeutic landscape” has traditionally been used
to describe landscapes with “enduring reputation for achieving physical, mental and
spiritual healing” (Gesler, 1993, p.171).
Within the realm of environmental psychology, Kaplan and Kaplan refer
“restorative environment” to the environment that can help people recover from mental
fatigue (Kaplan, 1984; Kaplan & Kaplan, 1989; Kaplan, 1995).
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School

Terminology

Theories

Research Scale

Medical
Geography

Therapeutic
Landscape

Sense of Place: Four
dimensions of therapeutic
landscapes include: natural,
built, symbolic and social
environment.

Regional scale;
Historic scale

Representative
Studies
Gesler (1993, 2003)
Williams (1999)

Environmental
Psychology

Restorative
Environment

Attention-Restoration Theory
(ART); Four features of
restorative environment
include being away, extent,
fascination, and action and
compatibility.

Wild nature;
Nearby nature;
Urban nature

Kaplan & Kaplan
(1989); Kaplan (1993,
2001)

Healing Garden;
Restorative
Garden

Aesthetic-Affective Theory
(AAT); Psycho-Evolution
Theories; Three features of
healing gardens: relief from
symptoms; stress reduction;
and an improvement in the
overall sense of well-being.

Urban nature;
Gardens or
green settings
in healthcare
environments.

Cooper-Marcus &
Barnes (1995);
Cooper-Marcus
(2000); Ulrich (1979,
1984, 1995); Ulrich et
al. (1991)

Salutogenic
Environment
and Ecological
Psychology

Salutogenic
Environment;
Therapeutic
Landscape

Theories of Environmental
Affordances; Ecological
Psychology

Urban park
system; Historic
scale

Heft (1999, 2010);
Grahn et al. (2010);
Stigsdotter & Grahn
(2003)

Horticultural
Therapy

Healing Garden;
Therapeutic
Garden

Theory of “flow experience”;
Sensory stimulation theories

Gardens or
settings for
horticultural
activities

Sooderback et al.
(2004); Detweiler et
al. (2012)

Table 1.1 Therapeutic Landscapes and Healing Gardens: Schools and Terminology

Backed up by psycho-evolution theories and aesthetic-affective theory, Ulrich
(1999) and his colleagues, Cooper-Marcus and Barnes (1995, 1999) referred the term
“healing garden”, or “restorative garden”, to gardens or landscape settings which have
either one or a mixture of the three following processes: (1) relief from physical
symptoms, illness or trauma; (2) stress reduction and increased levels of comfort for
individuals dealing with emotionally and/or physically tiring experiences; and (3) an
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improvement in the overall sense of well-being (Cooper-Marcus & Barnes, 1995; Ulrich,
1995). Therefore, the term “healing garden” has been widely recognized, and referred to
specific types of green open spaces in healthcare environments that provide chances for
various health benefits. A detailed discussion of constructs of therapeutic landscapes and
healing gardens can be found in the next section.
The Constructs of Therapeutic Landscapes and Healing Gardens
As bodies of knowledge about nature’s positive effects develop, the studies of
“healing gardens” and patient recovery gains continuous interest. The healing effect of
nature to improve patient’s recovery was, for the first time, precisely written and
published by Florence Nightingale in Notes on Nursing in 1860. She pointed out that
visual connections to nature, such as natural scenes through window and bedside flowers,
aid the recovery of patients (Nightingale, 1860). The landmark study conducted by Ulrich
(1984), which monitored patients in a hospital, concludes that patients recover more
quickly when looking out of a window with natural scenes. Cooper-Marcus and Barnes
(1995) also reported the health benefits of hospital green outdoor environments based on
the post-occupancy evaluations of four hospitals in the San Francisco Bay area and
observations conducted in 13 additional hospitals in Northern California and England
(Cooper-Marcus & Barnes, 1995). In 1999, they extended the report to a comprehensive
edition and proposed the research framework of “healing garden”. In the same edition,
Ulrich (1999) also defined “healing garden” as: “…variety of garden features that have in
common a consistent tendency to foster restoration from stress and have other positive
influences on patients, visitors, and staff or caregivers” (p.30). The definition of “healing
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garden” referring to the natural public settings in healthcare facilities, which can reduce
user’s stress and enhance patients’ recovery, has been widely recognized by scholars
(Eckerling, 1996; Gharipour & Zimring, 2005; Lau & Yang, 2009; Naderi & Shin, 2008;
Stigsdotter & Grahn, 2002, 2003).
However, as the theories and studies on nature’s healing effect develop, some
scholars who promoted the concept of “healing gardens” are trying to re-define the term
to a broader scope. In the latest edition of Therapeutic Landscapes: An Evidence-Based
Approach to Designing Healing Gardens and Restorative Outdoor Spaces by CooperMarcus and Sachs (2013), the authors referred the concept “therapeutic landscapes” not
only to landscapes promoting health and well-being, but also to open spaces which are
“beautiful spaces that reduce stress, encourage emotional equilibrium, support recovery
from illness or injury, and help patients regain lost or impaired abilities” In addition,
Hickman (2013) defines therapeutic landscapes as the immediate gardens and wider open
spaces which can be accessed or viewed from institutions whose primary concern is
related to medical practice.
Since there is a trend to enlarge the scope of healing gardens and integrate
therapeutic landscapes into hospital environments, these two concepts need be defined in
details. To broaden the views of research, the proposed research references “therapeutic
landscapes” as public open spaces, which improve people’s physical, mental/ spiritual/
emotional, and social well-being in urban or community scale. Therapeutic landscapes
may include the urban parks, green streets, and green public open spaces among
communities for people’s daily relaxation. To limit it to landscape typologies, a “healing
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garden” may fulfill one of the following categories: “(1) a courtyard, a campus, or a roof
garden which is part of an acute care or a residential facility; or (2) a public open space
which serves children, cancer patients, veterans, the elderly, or other specific populations;
or (3) a beautiful public space that reduces stress, encourages emotional equilibrium,
supports recovery from illness or injury, and helps patients in the healthcare facilities
regain lost or impaired abilities” (Cooper-Marcus & Sachs, 2013, p.5).
What Can Therapeutic Landscapes / Healing Gardens Do?
Researchers have identified various health benefits of therapeutic landscapes and
healing gardens in hospital environments. For instance, they can help reduce stress for
inpatients and outpatients when waiting for treatment and help staff relax from stressful
work; family and visitors also value it as a place for a restorative respite from stressful
caring demands (Ulrich, 2002; Hartig & Cooper-Marcus, 2006; Cooper-Marcus, 2007).
Functions of healing gardens include: opportunities for physical movement and exercise,
opportunities to make choices, seek privacy and experience a sense of control, settings
which encourage people to gather together and experience social support and access to
nature and other positive distractions, and relieve pain and stress for patients who suffer
incurable or chronic disease (Ulrich, 1999). Therapeutic landscapes and healing gardens
can also help a patient summon up their own inner healing resources and provide a
setting where staff can conduct physical therapy, horticultural therapy and rehabilitative
exercises (Cooper-Marcus, 2007). In addition, therapeutic landscapes and healing gardens
can increase patient and family satisfaction (Whitehouse et al., 2001; Picker Institute and
Center for Health Design, 1999; Ulrich, 1999), and increase competitiveness for hospitals
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which can get a better financial outcome with healing garden in the facility (Sadler,
2001).
1.3.2 Transparent Spaces
To achieve the continuum of indoor-outdoor spatial flow, the concept of
transparency, presented by Rowe and Slutzky (1997), can be well used in this scenario.
As described by them, transparency implies more than an optical characteristic of space.
It also implies a broader spatial order: “transparence means a simultaneous perception of
different spatial locations. Space not only recedes but fluctuates in a continuous activity”
(Rowe & Slutzky, 1997, p.160-161). In architectural language, transparency can be
achieved through two major approaches. One type is “literal transparency”, which means
that the use of pervious building materials, such as glass and plastic, makes the building
transparent to light rays. The reduction of space-defining elements on free-standing walls
and the dissolving of spatial borders between interior and exterior space can encourage
literal transparence (Hoesli, 1997a).
Another type is “phenomenal transparency”, which includes three situations:
Situation 1: Different spaces, which indicate different directions or functions,
superimpose and form a shared transparent space. As shown in Figure 2, “inside the
complex arrangement, which incomparably fuses constructive regularity with the
diversity necessitated by functional use, transparency creates the multiple readings of
possible spatial relationships and connections” (Hoesli, 1997a, p.67).
Situation 2: Transparent spaces can not only be interpreted from the floor plan
view but also from elevation section/ sectional view: “the connection between the space
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of two separate levels through a common expanse of air has the effect not only of
optically increasing the size of small rooms but also of generating ambiguous spatial
relations” (Hoesli, 1997a, p.72).
Situation 3: Transparent spaces can be employed in the case of urban design.
Exterior open spaces and interior spaces (usually the edge of the building and entrance
zones) can be connected and somehow transformed by transparent spaces: “depending on
the degree of enclosure the space-boundary exerts, ‘inside space’ can be felt as part of
‘outside space’. Space is continuous.” (Hoesli, 1997b, p.91). A detailed discussion of
transparent spaces can be found in Chapter 3.
1.3.3 Stress
The rate of stress and stress-related illness are increasing dramatically among
people that live in urban environments (Grahn & Stigsdotter, 2003). Environmental
stressors typically refer to the environmental components that may cause stress, such as
noise, extreme temperature, or environmental disaster that challenges individual or group
mechanism for adaption (Bell et al., 1978). Environmental stressor could also be certain
design features of the built environment. Take hospitals for instance, different wall
colors, furniture arrangements, or the amount of private spaces may cause stress or be
therapeutic (ibid.). Previous researches have shown that stress is significant during
hospitalization (Volicer, 1973, 1978). For instance, the white-coat effect costs a
significant increase of the patient’s blood pressure and heart rate (Pickering et al, 2002).
Volicer (1978) surveyed 535 medical and surgical patients in a community hospital and
categorized nine stress factors, including: (1) unfamiliarity of surroundings; (2) loss of
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independence; (3) separation from spouse; (4) financial problems; (5) isolation from
other people; (6) lack of information; (7) threat of severe illness; (8) separation from
family; and (9) problems with medication. The top three factors have intimate
relationships with the built environment, which indicates that the hospital physical
environment and surroundings of the patients can be a source of stress (Volicer, 1978).
In this study, people’s stress-reduction is the concerned health since stress is an
important factor impacting many other health outcomes (Cohen et al., 1991). Research
has revealed that stress has various negative effects to people, including the impact on
people’s immune system (Sternberg, 2001). People experiencing high-level stress show a
longer healing time to injuries than the normal level and response to vaccinations and an
increased susceptibility to infections (Kopec, 2009). Stress may also result in negative
physiological response (i.e., increased blood pressure and heart rate), psychological/
emotional change (i.e., the feeling of helplessness and lack of control, depression), and
behavioral change (i.e., sleeplessness) (Ulrich, 1999). Positive distractions, such as
exterior views, gardens, music and art with positive meanings have been shown to
contribute to the reduction of people’s stress during hospitalization. Ulrich (1999) has
stated four main types of stress mitigating resources for patients and staff to the extent
that they foster: (1) sense of control and access to privacy; (2) social support; (3) physical
movement and exercise; and (4) access to nature and other positive distractions.
People’s level of stress is measurable. Psychophysiological readings of blood
pressure and heart rate have been widely used as the indicators of stress (e.g. Ulrich et al.,
1999). Usually higher readings of blood pressure and heart rate indicate higher stress

14

level. Spontaneous skin conductance and muscle tension have also been used. Ulrich and
his colleagues (1991) employed the combination of the measurements mentioned above
in a study of stress recovery. In addition to the physiological measures, self-rated
questionnaires measuring mood and stress level may also be supplementary indicators of
stress.
1.4 Research Framework

Figure 1.4 Research Procedures
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Figure 1.5 Literature Map

16

Figure 1.2 illustrates the flow chart of the research procedures of this study and
Figure 1.3 illustrates the literature map. The study primarily combines five bodies of
knowledge, including therapeutic nature, nature in hospital, transparency, the pattern
language, and evidence-based design. The first two parts are discussed in Chapter 2.
Chapter 3 is mainly about transparency theories and the development of pattern
languages regarding the application of transparent spaces in healthcare environments.
Chapter 4 discusses the evidence-based design methodologies, with relative instruments
reviewed. Research design and protocol of research implementation are discussed in
Chapter 5. Chapter 6 discusses the data analysis and the immediate findings. Finally, the
implications of the study are discussed in Chapter 7, as well as the study significance,
study limitation and the future directions.
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CHAPTER TWO
AN OVERVIEW OF NATURE’S THERAPEUTIC EFFECT:
HISTORY AND THEORY

2.1 A Traditional Belief that Nature Heals
There has been a long tradition to view nature as “healer”. In almost every culture
there is a Garden of Paradise, with plants held sacred for their spiritual or healing powers
(Squire, 2003). In ancient times, the concept of healing was tied together to religious
rituals. In some religious disease was believed to be divine retribution for one’s sins
(Squire, 2003; Wagenaar, 2006). Hence, the curative characteristics of some natural
elements often gave people religious status. Not only the individual element, but also the
vast natural environment was believed to have significant impact on people’s health. For
instance, ancient Chinese people chose locations of dwellings carefully according to
fengshui which presented the “harmony of people and nature” as its core concept,
considered beneficial to people’s wealth, happiness, health and longevity (Knapp & Lo,
2005). In the following paragraphs, several examples are discussed regarding nature’s
therapeutic effect.
1.2.1 The Askleipius
A thousand years ago people went to the sanctuary of Askleipius, the healing
temples in ancient Greece and Rome, where the god Askleipius was sacred and believed
to heal. Such healing temples were usually located in the wild where patients could get
direct contact with untouched nature (Gesler, 2003). From the author of Airs, Waters, and
Places, pleasant climate, water with good quality, and beautiful scenery all have
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therapeutic benefits to people (Burford, 1969; Gesler, 2003). Vitruvius (fl. First century
B.C.) has stated that Asklepion sites should be healthy, near fresh springs of water, and
away from pestilence. According to the map of ancient Asklepions, the healing temples
were sited on elevated places in rural areas with a pleasing solitariness (Gesler, 2003).
1.2.2 Trees and Herbs
Not only was the holistic natural environment believed essential to heal, but some
specific natural elements were also valued because of their therapeutic powers. Trees
were thought to have religious qualities due to their longevity, because of their historical
status, and because of their continuity from one season to another (Squire, 2003). The
Buddha (5th century BCE) is symbolically associated with the landscape of trees. Gautama
Buddha attained Enlightenment under Budi trees (Gyatso, 2007) and the teaching and
meditation also happened in forests. According to Schroeder (1991), trees as symbolic
landscapes connected people and the physical world to the God. Herbs were also believed to
have mysterious curing powers in ancient times. For example, the lotus was symbolic of the
sun and life in ancient Egypt. To the Oriental and especially the Buddhist, the lotus flower is
sacred and its blossom means purity and achievement from suffering (Ward, 1952).
Besides, the employment of plants to cure illness has long been part of many cultures.
The distillation of herbs became important in the production of medicines in the Middle
Ages, when cloisters were the places to treat pilgrims and palliative care (Thompson &
Goldin, 1975). Trees and herbs were planted in the hortus conclusus (hortus, a garden or
orchard, and conclusus, closed off) of the cloisters to bring relief and treat the ill (CooperMarcus & Barnes, 1999). According to Saint Bernard (1090-1153), the restorative purpose of
the cloister garden was described like that “…the lovely green of herb and tree nourishes his
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eyes and, their immense delights hanging and growing before him, well might he say, I sat
down in his shadow with great delight, and his fruit was sweet to my taste” [Song of Songs
2:3]. Chinese Traditional Medicine also believes that herbs have medicinal effects.
Compendium of Materia Medica, written by Shizhen Li in Ming Dynasty (around 1578),
listed 1,892 items of plants, animals, minerals, and other items that were believed to have
medicinal properties (Yaniv & Bachrach, 2005).

1.2.3 Water
Water is another significant component of healing nature. Evolving from
Egyptian “paradise gardens”, the cloister gardens in the Middle Ages depicted the scenes
of “Gardens of Eden”. The garden itself is divided into four squares by water channels,
representing the Eden Rivers flowing to the four corners of the world (Squire, 2003).
Water, which is cooling, cleansing and purifying, suggests the spiritual harmony of one’s
primordial status (Clark, 2001). In addition to the symbolic meanings, water can soothe
people’s tired muscles and restore their internal balances (Gesler, 2003).
Roman baths are a classic case to show water’s healing effect. The baths are also
known as the healing mineral springs. A network of highly sophisticated public baths was
built across the Roman Empire (Verderber, 2010) and the city of Bath Somerset, UK
contains a representative example of a Roman bath complex in Europe (History Learning
Site, 2003). At that time, bathing was an elaborate ritual and bathers usually went through
a series of sacred procedures to receive the treatment. During a spa treatment, many ways
of using the water were tried, such as immersion, spraying all of the body’s orifices, and
mixing water with mud to massage the body (Gesler, 2003). Baths were extremely
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important public places in ancient Roman society; they were the social center of the
community, combining various civic functions of hygienic care, church service, social
interaction, and wellness in a single place (Verderber, 2010).
2.2 Salubrious Urban Landscape in 19th Century
The condition of the city around late 18th century was getting crowed, polluted,
and unhealthy (Davis, 1795). By the 1830s, medical topographies had shown much
higher mortality rate in the city than the rural areas. During the19th century, medical
theories had great influences on the physical urban environments. The dominated medical
theory was miasmatic theory, which believed that disease-laden air, often called miasma or
malaria, was produced by particular landforms, climates, animal waste, and vegetable
decomposition, and was the source of epidemic disease. Miasmatic theory resulted in a series
of architectural consequences, including the establishment of urban sanitary infrastructure,
the creation and modification of new building types, the rise of suburban development, and
the rural cemetery (Szczygiel & Hewitt, 2000).
In the context of urgent health issues, landscape architects, represented by Frederick
Law Olmsted who is acknowledged as the founder of modern landscape architecture in
America, were greatly involved in the design of healthy environment and “salubrious
landscapes” for public health improvement (Szczygiel & Hewitt, 2000). Olmsted (1865)
stated that an environment containing vegetation or other nature elements “employs the mind
without fatigue and yet experiences it; tranquilizes it and yet enlivens it; and thus, through the
influence of the mind over the body, gives the effect of refreshing rest and reinvigoration to
the whole system”. Olmsted’s ideas about the healing effects of nature in cities have been a
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major influence on the urban park system and urban landscaping up to the present day
(Ulrich & Parson, 1992).

2.3 Contemporary Achievements on Person-Nature Studies
There have been great research interests on the therapeutic effects of nature since the
1970s. In a research workshop directed by Anita R.Olds in the 1980s, a cohort of over 300
people was surveyed to describe “spaces can heal”. It finds that over 75 percent of the
healing spaces drawn by participants are outdoor scenes with common natural elements (i.e.,
earth, sand, mud, trees, grass, sky, open space, water, sunlight, rocks, ledges, hills, and
mountains); the remaining 25 percent is from interior settings which always contain elements
related to the outdoors (i.e., a prominent window through which are visible sky, sun, a
garden, or yard), and indoor potted plants, flowers and growing things (Olds, 1989).
Another two studies were conducted by Francis and Cooper-Marcus in the 1990s
aimed to explore the common natural features that can heal (Francis & Cooper-Marcus, 1991,
1992). In the first study, 89 college students were asked to recall the places they went when
they suffered a depression. Results showed that the majority of participants preferred a
private place in a public setting with certain natural elements, with 70 participants having
mentioned meteorological elements (air, wind, sunlight, sky, etc.), 66 having mentioned
water features, 60 having mentioned vegetation and 58 having mentioned a viewpoint. In the
other study, 154 respondents were asked questions related to the places and environmental
features they preferred when feeling stressed or depressed. Forty percent of the respondents
preferred natural settings. 69% of the respondents identified natural elements as the most
significant quality of the chosen places.
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Pretty (2004) has categorized three groups of studies related to the levels of personnature engagement, including (1) visual contacts with nature, through a window, or seeing a
picturesque painting; (2) being present in a natural setting nearby, such as interior planting, or
a garden near the residence; and (3) active participation and involvement with nature, such as
gardening, and physical exercises in a natural environment, also known as green exercise
(Pretty, 2004; Pretty et al., 2005; Ward-Thompson, 2011). Details on this discussion follow
and can also be seen in Figure 2.1.

2.3.1 Visual Contacts with Nature: Window Views and Picturesque Paintings
Window views at home are important to the quality of daily life. Kaplan (2001)
has conducted research comparing natural views and views of built environment through
windows at home. He has developed five scales of measurements for the therapeutic
benefits of home windows, including effective functioning, at peace, distracted,
satisfaction with nature, and satisfaction with neighborhood (Kaplan, 2001). Results have
shown that the window view of a natural scene is a strong factor in effective functioning,
well-being and residential satisfaction. Window views with more of the distracted nature
elements make residents feel less likely to be forgetful and disorganized (ibid.).
Meanwhile, Kuo and colleagues have demonstrated that viewing green from home
windows in the barren urban environment of Chicago makes a large difference to
people’s lives (Kuo et al., 2001). Green views from home, plus nearby nature in which to
play, have a positive effect on the cognitive functioning of children and their capacity to
think (Pretty, 2004).

27

Window views in the work place are another important aspect of person-nature
engagement. Windows in the workplace buffer the work pressure, and people sitting
close to windows over long periods have been shown to have fewer illnesses, feel less
frustrated and be more patient and enthusiastic for work (Pretty, 2004). Those in offices
without windows often attempt to compensate by putting up more pictures of landscapes
or by keeping indoor plants (Heerwagen & Orians, 1993). Qualitative studies have shown
that people dislike working in windowless offices (Collins, 1975). Research resulting
from controlled trials by Kaplan (1993) have also shown that participants perform better
in desk jobs in rooms with natural window views compared with working in a
windowless place. Survey studies also revealed that participants rated higher scores on
the job satisfaction and environmental restorativeness of a work place with window views
(Kaplan, 1993, 2007).
The classic experimental research comparing window views of nature versus
brick wall in hospital patient rooms has shown that natural views through windows in
patient rooms can facilitate patients’ recovery from surgery (Ulrich, 1984). Pati and his
colleagues (2008) conducted a survey-based research aiming to examine the relationships
between acute stress and alertness of nurse, and duration and content of exterior views
from nurse work areas. Results have shown that of the nurses whose alertness level
remained the same or improved, almost 60% were exposed to exterior natural views
through windows. Similarly, of all nurses whose stress level remained the same or
reduced, 64% had exposure to exterior views. In contrast, nurses with increased stress
levels or decreased alertness were exposed to non-natural views or no exterior views in
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their working environment (Pati et al., 2008). It is indicated that window views with
natural scenes can reduce the work pressure of care-givers, hence reduce medical errors
and enhance patients’ health outcomes.

Figure 2.1 Studies on Person-Nature Engagement

Not only can viewing nature through windows be beneficial to people, but so too
can seeing a picturesque painting - by reducing the stress level, changing the mood states
and reducing the feeling of pain. Empirical studies have shown that abstract paintings/art
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work make patients feel depressed (Cooper-Marcus & Barnes, 1999; Ulrich, 1999).
Vincent (2009) has conducted an experimental study to test the effects of four types of
natural images on pain level in a simulated hospital patient room: prospect, refuge,
prospect-refuge, and hazard. Results have shown that the mixed prospect and refuge
nature scenes show significant potential to reduce sensory pain (Vincent, 2009). Seeing a
picturesque image also shows stress-reducing effects for the patients in a hospital waiting
room. Beukeboom and colleagues (2012) conducted an experiment testing the waiting
rooms at a Dutch hospital. Actual patients were exposed to one of the following
conditions: real plants, images of plants, or no nature (control). Results have shown that
both the image group and the real plants group have significantly better stress-reducing
effects than the control group (Beukeboom et al., 2012).
2.3.2 Being Present in the Nearby Nature
The second group of person-natural study is just being exposed to the nearby
nature during other activities. Having natural settings near the residence can improve the
quality of life. A Danish national survey indicates that people living more than 1 km
away from the nearest green space have poorer health and health-related quality of life
than those living closer than 1 km from green spaces. An additional analysis shows that
82.1% of respondents living less than 300m from a green open space perceive “really
good” or “good” health-related life quality (Stigsdotter et al., 2010). Wells and Evans
(2003) found that children living in five upstate communities in New York who were
exposed to indoor or outdoor vegetation were less stressful and more able to recover from
pressure than those in homes and backyards without greenery.
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Being present in the nearby nature has various stress-reducing benefits. A study of
people exposed to different types of roadside corridors finds that those people on the
urban drive dominated by hardscape are more stressed than those driving through the
nature-dominated scenes of forests or golf-courses (Parsons et al., 1998). Stigsdotter
(2004) has stated that a garden at the workplace may reduce stress, and exposure to
indoor plants has also been proven restorative for fatigued people at the workplace. In an
experimental study, people report a better attention capacity in an office setting with
indoor plants than the same setting without plant (Raanaas et al., 2011). Healing gardens
in hospital environment are acknowledged to be able to reduce stress and improve mood
for patients and caregivers (Cooper-Marcus & Barnes, 1995; 1999; Whitehouse et al.,
2001). Another study of patients with Alzheimer’s disease in five homes found that those
who lived in the three homes with gardens had significantly lower levels of aggression
and violence than those in the two with no gardens (Ulrich, 1993).
2.3.3 Active Engagement with Nature
Active involvement with nature comprises direct participation in some activities
in green spaces, such as gardening, walking, jogging and running in nature. This group of
evidences differs from passive exposure as it implies a positive decision to go to natural
places, rather than being incidentally exposed to it while doing something else (Pretty,
2004). Individuals who spend time outdoors, take walks or hikes, go to a park, or bike or
jog in the neighborhood are more likely to feel positive, focused, effective, and alert
(Kaplan, 2001). One type of active engagement with nature is a horticultural therapy
program. Gardening activity and horticultural therapy have shown good outcomes in
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patients with dementia or post-traumatic stress symptoms in United States (Detweiler, et
al., 2012).
People working and living in urbanized areas are facing physical health
challenges, including obesity and coronary heart disease which are connected to the
sedentary and indoor lifestyles. Physical exercises in the natural environment, also known
as green exercise (Pretty et al., 2005) have been proven beneficial physically and
mentally to people by previous studies. Green exercises can reduce the risk of dying from
coronary heart disease, type II diabetes, and hypertension and colon cancer. Green
exercises also enhance mental health, foster healthy muscles, and help maintain health
and independence especially in older adults (Pretty et al., 2005; Scully et al., 1999).
2.4 Nature’s Healing Mechanism: Theories in Environmental Psychology
The paragraphs above discussed the therapeutic effects of nature and the health
benefits of different levels of person-nature involvements. Environmental psychological
studies also explored the mechanism that nature can “heal” people. The literature
reviewed below examines two major branches of theories and their empirical evidences
from the realm of environmental psychology, including: (1) attention-restoration theory
and the exploration of restorative environments represented by Racheal Kaplan and
Stephen Kaplan (1989); (2) biophilia hypothesis and aesthetic-affective theory, and the
studies of people’s response to environmental stressors represented by Roger Ulrich
(Ulrich, 1983; Ulrich et al., 1991).
2.4.1 Attention-Restoration Theory
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Kaplan and Kaplan conducted fruitful studies on topics of restorative
environments that can help people recover from mental fatigue (Kaplan & Kaplan, 1989;
Kaplan, 1992, 1995). According to their attention-restoration theory, people process
surrounding information through two kinds of attention: directed attention and fascination
or involuntary attention (Kaplan, 2001). Directed attention is employed in tasks such as
problem solving. Directed attention fatigue is a type of temporary symptom of the brain
that makes people feel distracted, impatient, forgetful, or cranky, resulting in a decline of
working efficiency (Kaplan & Kaplan, 1989; Kaplan & Berman, 2010). Recovery of
directed attention is enhanced best in restorative environments where fascination system
is used. Additionally, the four natural features of restorative environment - being away,
extent, fascination, and compatibility - perform well in mental fatigue recovery (Kaplan
& Kaplan, 1989; Kaplan, 1993, 2001).
From the literature review of relevant studies, attention-restoration theory has
been implemented in the studies of restorative environments in urban context, as shown
in Table 2.1. Experimental studies have shown that natural settings (e.g., parks and green
open spaces) in urban context have higher restorative qualities than built environments
(e.g., hardscape) (Laumann et al., 2001; Herzog et al., 2003; Berto, 2005). However,
some scholars have stated that particular types of urban environments can also be
recognized as restorative places (Scopelliti & Giuliani, 2004), and the restorative
qualities of urban green spaces does not depend only on size. Well-designed small parks
in dense cities may have high restorative value ratings if they are greener, or have larger
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portion of grass, bushes, lower ground vegetation, and trees (Nordh et al., 2009). Water
features result in a higher expectation of restorative quality (Wilkie & Stavridou, 2009).
Author
Kaplan, R. (1984)

Type of Study/Method
Theoretical
Analysis

Major Conclusions
Fascination and coherence are two essential processes in the
recuperative effects of the nature context. Active
participation, observing and conceptual nature are three
contents of person-nature involvements. Urban natural
environments combining the two processes and three
contents have strong therapeutic effects.

Kaplan, S. (1992)

Theoretical
Analysis

Restorative environments can reduce mental fatigue that is
consisted of four components, including being away, extent,
fascination, and compatibility. Natural environments are
particularly restorative.

Korpela, K. &
Hartig, T. (1996)

Experiment
(N = 78)

Place identity and people's preference of a place are
correlated with restorative qualities. Perceived
restorativeness scale (PRS) tested that being-away,
fascination, coherence, and compatibility are all high in the
favorite place evaluations.

Hartig, T., Korpela,
K., Evans, G.W. &
Garling, T. (1997)

4 Quasi- Experiments
(N1 = 115; N2 = 95; N3
= 75; N4 = 78)

The four quasi-experiments reported in the paper provide
evidence that perceived restorativeness scale (PRS) is a useful
measure of restorative quality in environments.

Laumann, K.,
Garling, T., &
Stormark, K.M.
(2001)

2 Surveys
(N1 = 1,238;
N2 = 157)

Four categories of restorative components are tested in two
quasi-experiments. Environments with natural elements
score higher than city environments on all measures.
Compatibility and fascination predict preference ratings of
the environments, whereas extent and compatibility predict
self-ratings of relaxation.

Herzog, T.R.,
Maguire, C.P., &
Nebel, M.B. (2003)

Survey
(N = 512)

Natural environments are rated higher scores than the urban
settings for both criterion variables (perceived restorative
potential of a setting and preference for the setting) and four
restorative components according to attention-restoration
theory (being-away, extent, fascination, and compatibility).

Scopelliti, M. &
Giuliani, M.V.
(2004)

Quantitative
Study

Certain built environments in urban context can be
recognized as restorative places. Studies should be focused
on restorative experiences more than the environments
alone. Natural and built environments can have different
restorative potentials in relation to the stage of the lifespan
and to the time available for restoration. The social and
affective dimensions are important features of restorative
experiences.
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Berto, R. (2005)

3 Experiments
(N1 = 32; N2 = 32;
N3 = 32)

Results are in agreement with Kaplan's attention restoration
theory, and support the idea that restorative environments
help maintain and restore the capacity to direct attention.

Hartig, T. &
Staats, H. (2006)

Experiment
(N = 103)

In fatigue conditions, participants report more favorable
attitudes toward a walk in a forest than a walk in a city
center, and this difference was larger with the more fatigued.
Directed attentional fatigue can be effectively relieved in
natural environments.

Ivarsson, C.T. &
Hagerhall, C.M.
(2008)

Experiment
(N = 103)

Perceived Restorativeness Scale (PRS) has been tested to be a
useful instrument to measure the restorative quality of
environment. The PRS also proves itself capable of
discriminating between two examples of the same scene type
(garden). The relation between preference and perceived
restorativeness has also been proven by PRS.

Nordh, H., Hartig,
T., Hagerhall, C.M.,
& Fry, G. (2009)

QuasiExperiment
(N = 52)

Well-designed small parks in dens cities are likely to become
more important as settings for restoration. Restorative
quality of small urban parks does not depend only on size.
Small parks may have high restorative value ratings if they are
greener, or have larger portions of grass, bushes, lower
ground vegetation, and trees.

Wilkie, S. &
Stavridou, A.
(2009)

QuasiExperiment
(N = 120)

Participants with an urban preference perceive both nature
and urban environments equal in restoration potential.
Pleasant waterscapes result in the best restoration
expectations.

Table 2.1 Literature Review about Studies on Attention-Restoration Theory

2.4.2 Biophilia Hypothesis and Aesthetic-Affective Theory
There are at least three prominent evolutionary approaches to environmental
aesthetics: Orians’ ‘savanna theory’ (Orians, 1992), the functionalist-evolutionary model
by Kaplan and Kanplan (1989), and Ulrich’s (1983) psycho-evolutionary model, and only
the latter two models deal with restoration hypothesis (Parsons, 1991). Though there are
differences, in both models, the authors suppose that human responses to environments
are a means by which people identify habitable from inhabitable environments (ibid.). As
Kaplan and Kaplan developed the attention-restoration theory, their research focus is
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turned more to the restorative environments in urban environments which refer to urban
nature study (Kaplan, 1984; Kaplan, 1992), while psycho-evolutionary model, fitting
within the biophilia hypotheses, and aesthetic-affective theory are highly mentioned in
the environmental stressor studies (Ulrich, 1984, 1999; Ulrich et al., 1991).
Environmental stressors (e.g., crowding and noise in urban context) can elicit
substantial stress in people (Evans & Cohen, 1987). The visual impact of the environment
itself may signal danger or safety, such as when “persons experience high level of stress,”
visual access to nature showed effects on stress recovery (Ulrich, 1984, 1999; Ulrich et
al., 1991). Theories and supporting researches reveal that the human-being as a species
has an inherent preference to nature from the evolutionary perspective (Kellert & Wilson,
1993).
Biophilia hypothesis considers that the human-being has an unlearned
predisposition to pay attention and respond positively to natural content (e.g., vegetation,
water) and to configurations of settings that are favorable to survival or ongoing wellbeing during evolution (Appleton, 1975, 1996; Ulrich et al., 1991). Appleton’s prospect
refuge theory also claims that the human being develops ability during the evolution to
assess the environment for selection of habitats that would ensure both prospection and
refuge for hunting and survival (Appleton, 1996; Vincent, 2009). As a result, natural
contents may be processed with relative ease and efficiency because the brain and
sensory systems evolved in natural environments (Altman & Wohlwill, 1983). The
healing effect of natural settings can be influenced by the visual environmental
components, which yields to the aesthetic-affective theory (Grahn et al., 2010).
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Aesthetic-affective theory considers the healing effects of nature as a matter of
unconscious processes and affects the original, emotion-driven parts of the brain that
inform people when to relax (Grahn et al., 2010; Ulrich, 1999). The unconscious feeling
of security usually occurs in a savannah-like natural environment that holds similar
characteristics to the original environment where humans lived (Ulrich, 1993; 1999).
Nature has an ability to rapidly reduce, or induce, stress on an affective-symbolic level
which has been defined as“aesthetic” (Grahn et al., 2010; Ulrich, 1993, 1999), and an
aesthetic response to an environment is defined as like-dislike affect associated with other
feelings and physiological responding (Parsons, 1991; Ulrich, 1993). Orians (1986) has
also obtained data suggesting high aesthetic liking for specific vegetation and tree canopy
structures that are found in particular types of savannah environments. Accordingly, two
types of positive responses to nature have been identified as: “(1) restoration responses
following stressful or taxing activities; and (2) in the absence of stress, liking/ attention/
approach responses for certain contents and classes of situations that favored well-being
or survival because of high food potential, low risk and other advantages (e.g., water,
savannah-like settings)” (Ulrich et al., 1991).
Based on the above theories, Ulrich and his colleagues have presented a series of
research findings claiming that visual contacts to nature can effectively reduce the level
of stress induced by environmental stressors. Differences between effects on visual
experiences of nature and urban settings have been tested through quasi-experiments
using photograph simulation methods (Ulrich et al., 1991), as shown in Table 2.2.
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Author

Type of Study/
Method
Experiment
(N = 46)

Variables

Major Conclusions

Views of natural
scenes and urban
scenes lacking
natural elements

Stressed individuals feel significantly better after
exposure to nature scenes rather than to the typical
urban scenes lacking nature elements in the US.
Outdoor visual environments can influence
individuals' psychological well-being, and therefore
should be given attention in planning and design
decisions. Aesthetic benefits are also important.

Ulrich, R. S.
(1984)

QuasiExperiment,
Archival Data
(N = 46)

Window views of
natural scene and
brick building wall

23 surgical patients assigned to rooms with windows
looking out on a natural scene had shorter
postoperative hospital stays, received fewer
negative evaluative comments in nurses' notes, and
took fewer potent analgesics than 23 matched
patients in similar rooms with windows facing a
brick building wall.

Ulrich, R. S.
(1991)

Literature
Review

Viewing nature/
interior plantings

Viewing nature has stress-reducing effects. In
healthcare facilities, design of viewing natural
settings should foster: sense of control; access to
social support; access to positive distractions.

Pati, D.,
Harvey, T.E.,
& Barach, P.
(2008)

Survey
(N = 32)

With or without
exterior views

Nurses who are exposed to exterior views report
higher alertness and lower stress level.

Ulrich, R. S.,
Simons, R.F.,
Losito, B.D.,
Fiorito, E.,
Miles, M.A., &
Zelson, M.
(1991)

Experiment
(N = 120)

Natural scene and
urban environment
using photo
simulation.

Findings are consistent with the predictions of the
Psycho-Evolutionary theories that restorative
influences of nature involve a shift towards a more
positively-toned emotional state, positive changes in
physiological activity levels, and that these changes
are accompanied by sustained attention. Recovery
from environmental stressors is faster and more
complete when exposed to natural rather than
urban environments.

Grinde, B. &
Patil, G.G.
(2009)

Literature
Review

Viewing nature and
interior plantings

Interacting with nature can offer positive effects on
health and well-being seems to be reasonably well
substantiated, thus, the biophilia hypothesis has
merit. The healing effect can also be mediated
through visual contact with plants and natural
scenes.

Vincent, E.
(2009)

Experiment
(N = 109)

Four groups of
natural images:
prospect, refuge,
hazard, and mixed

Although there is no clear "most" therapeutic image,
the mixed prospect and refuge image shows
significant potential to reduce sensory pain. The
hazard image is the most effective at distracting

Ulrich, R. S.
(1979)
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Raanaas,
R.K., Patil,
G.G., &
Hartig, T.
(2011)

QuasiExperiment
(N = 278)

prospect-refuge.

participants from pain, but it should not be
considered a positive distraction because it also
receives the highest mood disturbance scores.

Window view to
natural
surroundings from
patient's bedroom

For women, a blocked view appears to negatively
influence change in physical health, whereas for
men, a blocked view appears to negatively influence
change in mental health. Bedroom with views to
natural surroundings appears to have better
supported improvement in self-reported physical
and mental health during a residential rehabilitation
program.

Table 2.2 Literature Review about Studies on Attention-Restoration Theory

2.4.3 Towards an Integrative Theoretical Framework
As Hartig and Evans (1993) stated, theories of the therapeutic effects of nature
have been dominated by conflicting positions, one emphasizing stress reduction (Ulrich,
1984; Ulrich et al., 1991) and the other concerning the recovery of the capacity to focus
attention (Kaplan & Kaplan, 1989). Parsons (1991) has compared the similarities and
differences of the Kaplan and Kaplan’s and Ulrich’s models and identified the primary
difference between the two: Ulrich (1983) proposed that the initial response to an
environment is one of generalized affect, which can be independent of and primary to
cognition. This is in contrast to Kaplan and Kaplan’s model, which assumes that people’s
preference to natural environments relies heavily on the cognitive processes; nature has
restorative effect because it supports the information people need and provides relief
from mental fatigue (Kaplan & Kaplan, 1989; Kaplan, 1992). Besides, Ulrich model
suggests a wider range of situations in which restoration is applicable. People’s negative
mood or stressful status may be brought out by an acute environmental stressor (e.g., a 10
minutes’ exposure to a videotape that produces mild anxiety) which could not reasonably
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be considered to be mentally fatiguing (Parsons, 1991; Ulrich et al., 1991).

Figure 2.2 Integrative Framework

Although there are two streams of theories existing in the explanation of the
healing effect of nature, there are also overlaps and similarities between the two branches
within the scope of environmental psychology. In large part, Ulrich’s assessment of
nature’s healing effect is similar to that of Kaplan and Kaplan, in that he also suggests
that natural environments effortlessly hold attention and may serve to block unpleasant
thoughts, which is especially beneficial for stressed individuals (Parsons, 1991; Ulrich,
1990). Actually, in the year 1995, Stephen Kaplan presented an integrative framework
that places both directed attention and stress in the larger context of the humanenvironment relationships model trying to synthesize two theories. Two categories of
factors leading to stress (i.e., harm and resource inadequacy) were discussed in that
article. Then, it was pointed out that information- processing demands are related to
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attentional fatigue and stress. The integrative model assumes that “the insufficient
attentional resources will often be an antecedent of stress”. In other words, resource
depletion containing insufficient attentional resource, harm and other resource
inadequacy can lead to a level of stress (Kaplan, 1995).
Recently some scholars are inclined to using the methodologies from both groups
interchangeably in the general studies on topics of therapeutic nature (Grahn &
Stigsdotter, 2003). For instance, a survey study conducted by Grahn and Stigsdotter
(2003) examined the association between the different complaints (i.e., stress, irritation,
fatigue, cold, headache, backache, and ache in the back of the head) and the use of urban
open green spaces. Because of the correlation among stress and fatigue, a new term, level
of stress, has been introduced, which is determined by stress, irritation and fatigue.
Karmanove and Hamel (2008) present that two theoretical perspectives can be used to
study the restorative environments. They conclude that an aesthetically attractive urban
environment can have stress-reducing and mood enhancing power for people. Hartig and
his colleagues (2003) conducted an experiment about psychophysiological stress
recovery and directed attention restoration in natural and urban filed settings using
repeated physiological measures collected from 112 randomly assigned young adults.
Participants who view the natural scene report a lower level of stress, higher level of
positive mood, and a better attentional performance. This becomes preliminary evidence
that there is a correlation existing between people’s stress and preference to the
environment. In this proposed study, the integrative framework is used as the theoretical
basis, and methodologically, both physiological tests of stress level and people’s aesthetic
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preference will be used.
2.5 Therapeutic Landscapes and Healing Gardens in Healthcare Facilities: A
Typology Study
To explore the typologies, forms and locations of therapeutic landscapes and
healing gardens in healthcare facilities, Cooper-Marcus and Sachs (2013) classified 16
types of healing gardens, based on the filed notes of hospital visits during the period
1995-2012 in the US, Canada, Australia, Denmark, Sweden, and the UK. The types
described by the authors range from the most spacious to the smallest and least accessible.
The following table (Table 2.3) adapted from their studies illustrates the 16 types of
therapeutic landscapes and healing gardens within the environment of general hospitals.
NO.
1

Typology
Extensive Landscape
Grounds

Visual Description
The facility positioned on a large greenfield site, thoughtful site planning
can ensure that grounds areas between buildings between buildings are not
just leftover spaces but are planned from the start as useful therapeutic
spaces.

2

Borrowed Landscape

Views from a healthcare facility onto natural landscapes, a greenway, a city
park, and the like can provide positive distractions for patients, residents,
and staff.

3

Nature and Fitness Trials

An accessible nature or fitness trail can provide a welcome outdoor
experience, especially for staff on their lunch hour, ambulatory patients,
residents, and visitors taking a family member on an outing.

4

Landscaped Setback

An area of green-- usually a lawn-- separating a building from adjacent
streets, often required by zoning regulations.

5

Front Porch

A largely hard-surfaced area at the main entrance to building is reminiscent
of the front porch of a house, though obviously larger.

6

Entry Garden

An entry garden is a landscaped area close to the building entrance that,
unlike a front porch, is a green space with a garden image and, unlike a
landscaped setback, is designed and detailed for use.

7

Backyard Garden

This type of garden is characterized by its location-- at the back of a
building-- rather than anything to do with its intrinsic design.
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8

“Tucked Away” Garden

A space set away from the building and sometimes separated from it by an
access road, parking area, or service entry, for example.

9

Courtyard

These are spaces-- usually square or rectangular in form-- that form voids in
a building complex, often incorporated to bring daylight into the facility.
They often have building walls and windows on four sides; sometimes, an Lshaped building encloses a courtyard with garden boundaries forming the
other two sides.

10

“Hole-in-a-Donut”
Garden

This is a variation of a courtyard garden, but larger and subtly different.
Rather than a void "punched out" in a building (the courtyard), in this case
the buildings in a facility are grouped in a rough circle around an outdoor
space developed as a garden.

11

Plaza

Plaza spaces are outdoor areas that are predominantly hard surfaced, but
often furnished for use. They may include trees, shrubs, or flowers in
planters, benches, as well as lighting. The overall image is not of a green
space but of a paved hard-surface area.

12
13

Roof Garden
Roof Terrace

A garden space developed on all or part of the top of a building.
Unlike a roof garden, which is located on top of a building, a roof terrace is
usually on the side of a building, forming a long narrow "balcony" to that
building, with the outdoor space positioned on the roof of an adjacent,
lower building.

14

Peripheral Garden

Where space is limited, a narrow green space can entirely encircle a
building like a belt, with several access points to it from the building.

15

Atrium Garden

In latitudes where the climate precludes sitting or strolling outdoors during
much of the year, an indoor garden - heated or air-conditioned - can provide
an attractive substitute. Facilities in very hot regions or very cold regions
incorporate a glass-roofed atrium furnished with appropriate trees, plants,
and seating.

16

Viewing Garden

Some facilities may incorporate a small garden that cannot be entered but
can be viewed from inside the building.

Table 2.3 Typology of Therapeutic Landscapes and Healing Gardens in General Hospital
Environment (adapted from Cooper-Marcus & Sachs, 2013)

2.6 Natural Light as a Healer
Modern buildings are often shaped with no concern for natural light – they depend
almost entirely on artificial light (Alexander, 1977). Natural light has been proven
essential to: (1) improve people’s working productivity (Figueiro et al., 2002), (2)
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increase concentration (Heschong et al, 2003) and (3) improve users’ experience and
satisfaction (Kotzer et al., 2001; Verderber, 1983; Dumont & Beaulie, 2007). Natural
light is essential in the healthcare environments. Full-spectrum lighting environment can
promote patients’ safety, by (1) reducing medical errors (Buchanan et al., 1991; Dilouie,
1997); and (2) avoiding fatigue (Figueiro et al., 2002). Natural light in patient rooms is
beneficial to patients’ recovery process, such as: (1) reducing stress (Leather et al., 1998;
Alimoglu et al., 2005); (2) reducing depression (Leather et al., 1998; Alimoglu et al.,
2005; Walch et al., 2005); (3) reducing pain (Walch et al., 2005; Beauchemin & Hays,
1998); and (4) regulating circadian rhythm (Dumont & Beaulieu, 2007). Behringer (2011)
has conducted a comprehensive literature review of the topic of natural light in healthcare
environments. An updated literature map by the investigator illustrates the essential links
between natural light and people’s health outcomes (Figure 2.2).

Figure 2.3 Updated Literature Map of the Healing Effects of Natural Light (adapted from
Behringer, 2011
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CHAPTER THREE
TRANSPARENCY IN URBAN HEALTHCARE ENVIRONMENT
3.1 Transparency in Architecture
As described by Rowe and Slutzky (1963), transparency implies more than an
inherent characteristic of glass; it also implies a broader spatial organization:
“transparence means a simultaneous perception of different spatial locations. Space not
only recedes but fluctuates in a continuous activity” (p.45). In architectural language,
transparency can be achieved through two major approaches, literal and phenomenal.
This chapter begins with a brief review of the two types of transparencies and their
relations to cubism. Then, this chapter expands upon the propositions of Robert Hoesli
(1997) that transparency, especially the phenomenal, can be a reliable analytical and
design method ranging from residential to complicated design systems (i.e., urban
building complex).
There are three major arguments articulated in this section. First, the spatial
experience of phenomenal transparency has described is not something innovative; in
other words, phenomenal transparency enables architects another perspective to interpret
the experience of spatial continuity, and to see familiar historical forms through new eyes
(Hoesli, 1997a). A series of avant-garde cases are analyzed to support this argument in
the first section as well. Second, there has been a long history of using phenomenal
transparency and such spatial continuity in urban form design. A lively urban fabric is a
spontaneously developed system with intersections between buildings and public open
spaces. For instance, in European old city forms, arcade belongs to the piazza and the
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buildings simultaneously, and church belongs to different piazzas simultaneously (Sitte,
1986). Finally, phenomenally transparent spaces blur the boundaries between inside and
outside: the ambiguity of the barrier separating inside sets up a continuum, which makes
architecture an extension of landscape. If analogizing the complicated building complex
as a small city, the urban approach of phenomenal transparency can be applied to break
down the volume of the block building, hence foster the connection between interiors and
the external world.
Architects throughout history have recognized the analogy between buildings and
cities. Leon Battista Alberti is the first one to make such assumption: “Com- partition is
the process of dividing up the site into yet smaller units, so that the building may be
considered as being made up of close-fitting smaller buildings....” (Alberti, 1988, p.8).
Also, “if the city is like some large house, and the house is in turn like some small city,
cannot the various parts of the house be considered miniature buildings?” Institutional
architecture, such as hospitals, and especially academic medical center campuses, are
being designed as small cites because of the complexity in their programs – socially,
politically, economically and in their physical form (Alison, 2012). Massive hospital
architecture needs functional segmentation with a full integration of nature using
phenomenally transparent spaces.
3.1.1 Transparency: from Rowe & Slutzky to Hoesli
According to Rowe and Slutzky (1963), the state of being transparent is both a
material condition (i.e., being pervious to light and air) and an inherent quality of
organization. Their statements started from Kepes (1944)’s citations:
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“If one sees two or more figures partly overlapping one another, and each of them
claims for itself the common overlapped part, then one is confronted with a
contradiction of spatial dimensions. To resolve this contradiction, one must
assume the presence of a new optical quality. The figures are endowed with
transparency; that is, they are able to interpenetrate without an optical destruction
of each other. [Transparency] however, implies more than an optical
characteristic; it implies a broader spatial order. Transparency means a
simultaneous perception of different spatial locations. Space not only recedes but
also fluctuates in a continuous activity. The position of the transparent figures has
equivocal meaning as one sees each figure now as the closer, now as the further
one” (Kepes, 1944, p.77).
These two types of transparencies are initially interpreted from cubist painting by
Slutzky (1963). In La Sarraz (1930) by Moholy-Nagy, the painter paints with obvious
transparency in his pigments in order to layer the receding layers of planes (Figure 3.1).
The S-shaped band connecting five circles is clearly in superimposition with the four
horizontally floating planes in a vacuous expanse suggesting outer space. The little
yellow dots indicate the depth of the space in the painting. The four horizontal planes
with thick yellow dots surrounded are positioned below the S-shaped band where the dots
are rather thin. The viewer’s ability to view through each layer by the viewer indicates
the literal transparency of the planes in the painting (Rowe & Slutzky, 1963).
Phenomenal transparency can be well interpreted in another cubist painting, the
Three Faces (1962) by Fernand Leger. Three major areas displaying abstracted artifacts
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and horizontal banding and common contour tie purely geometric shapes together (Figure
3.2). In contrast to Moholy, Leger aligns his pectoral objects at right angles to each other
and to the edges of his picture plane. Leger’s concern is with the structure of form, while
Moholy’s with materials and light (Rowe & Slutzky, 1963).

Figure 3.1 La Sarraz (1930), Moholy-Nagy

Figure 3.2 The Three Faces (1926), Fernand Leger

Rowe defines literal transparency as the physical translucence inherent in a
material or structure, which means the use of pervious building materials, such as the
glass curtain wall of the workshop wing of the Bauhaus; one can perceive the glass and
framing behind it, and the space behind the glass is easily recognized (Figure 3.3).
Alternatively, Villa Stein in Garches (1927), designed by Le Corbusier and Pierre
Jeanneret, does not rely on material transparency to present volume and shape; rather,
Villa Stein’s irregular facade and broken grid present enough detail for the viewer to
complete the thought on his or her own (Figure 3.4). Phenomenal transparency describes
the perceptual quality that allows the mind to discern the underlying governing concept
or spatial concept (Oechslin, 1997, p.9). However, Rowe and Slutzky’s analysis of Villa
Stein, as Detlef Mertins has pointed out, was based on long discredited nineteenth-
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century theories of the psychology of perception and aesthetic reception. Further- more,
the distinction between literal and phenomenal transparency was founded on a
fundamental and strategic misreading of the avant-garde conception of transparency in
the 1920s and 1930s, and this becomes the weakest point of their proposition (Blau,
2007).

Figure 3.3 [left] Villa at Garches (1927), Le Corbusier
Figure 3.4 [right] Villa at Garches (1927), Bauhaus in Dessau (1925-26), Walter Gropius

In the revised publication of Transparency (1997), Bernhard Hoesli further
analyzed the spatial layers of Villa Stein, by comparing the house with the cubist painting
Nature morte a la pile d’assiettes (1920) by Le Corbusier. “The dialectic between full
corporeality and the illusion of shallow space, the multiple interpretational possibilities of
his formal relationships, the classification of form and function in his buildings – these
have never been made cleared” (Hoesli, 1997a, p.60), as shown in Figure 3.5. He also
stated that transparency, especially the phenomenal, sometimes contributes to a certain
spatial continuity and blurs the building boundaries. Phenomenal transparency can also
be a reliable analytical and design instrument ranging from residential prototype to

56

complicated urban design. Hoeslie’s ideas will be further refined and expanded in the
following sections, combined with several cases analyzed.

Figure 3.5 Comparative axonometric analyses of the spatial layering in Le Corbusier’s painting
Nature morte a la pile d’assiettes and the Villa Stein at Garches, by Bernhard Hoesli, (1997)

Bernhard Hoesli reinforced the concept of phenomenal transparency as an
analytical tool and design strategy. Visual ambiguity, stratified space, overlapping,
interpenetrating figures, and so on – are applicable to the solution of architectural
problems (Hoesli, 1997a). He has clarified that it is a universal applicable criteria for
characterizing space-organization by using the concept of transparency: “transparency
exists where a locus in space can be referred to two or several systems of relations –
where the assignment remains undetermined and the belonging to one or the other
remains a matter of choice” (Hoesli, 1997b, p.85). They give architects the possibility “to
see familiar historical structures through new eyes” (ibid.).
Using such “new eyes”, spatial continuity defined by phenomenal transparent
spaces is easily revealed in many old forms. For instance, different spaces, which indicate
different directions or functions, superimpose and form a shared transparent space. The
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Figure 3.6 Comparison of Alberti: Sant’ Andrea, Mantua [left] and Ullmann House [right] by
Frank Loyd Wright from Rowe et. al., (1997)

observer is virtually suspended between the two spatial layers, as shown in the floor plans
of Alberti’s Sant’ Andrea, Mantua and Wright’ Ullmann House. Transparent spaces can
also be interpreted from elevation section. Le Corbusier’s persisting preference for twostory atelier-type living spaces with inset balcony floors, typically the villa designs in
1920s to 1930s, acquires new meaning when seen through the concept of transparency
(Hoesli, 1997a). The connection between the vertical spaces shows that “two separate
stories through a common expanse of air has the effect not only of optically increasing
the size of small rooms but also of generating ambiguous spatial relations” (Hoesli,
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1997a, p.72). In addition, the promenade architecture in his villa designs can also be well
understood through the concept of phenomenal transparency and spatial continuity.
3.1.2 Phenomenal Transparency and Spatial Continuity

Figure 3.7 Promenade Architecture: Villa Design by Le Corbusier and Jeanneret (1910-1929)

The modern fascination with making interior and exterior space continuous is a salient
manifestation of transparency (Ascher-Barnstone, 2003). A large amount of exemplary
cases can be found from residential architecture prototypes. For example, in the
promenade architectural designs by Le Corbusier, spaces join together and flow
continuously (Etlin, 1987). “You enter: the architectural spectacle at once offers itself to
the eye. You follow an itinerary and the perspectives develop with great variety,
developing a play of light on the walls or making pools of shadow. Large windows open
up views of the exterior where the architectural unity is reasserted.... Once again we must
learn at the end of the day to appreciate what is available...” (Le Corbusier & Jeanneret,
1973, p.60) A sequence of images unfolds before the eyes of the observer as he or she
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gradually advances through the structure. With the help of the "promenade
architecturale", Le Corbusier created virtuosic imbrications of indoor and outdoor space,
fluid spaces that reveal themselves as the visitor progresses (Samuel, 2010). In such a
manner, phenomenal transparency provides possibility for one to read promenade
architecture as a spatial continuity, as shown in Figure 3.8-3.9. The higher ceiling of the
double height living space shows the path to the upper floor. When following the steps,
the view from the upper window gradually unfolds. Another space around the corner
reveals itself when you walk along the columns.

Figure 3.8 Promenade Architectural Analysis, the Ground Floor of Villa la Roche (1923-1925)
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Figure 3.9 Promenade Architectural Analysis, the First Floor of Villa la Roche (1923-1925)

With the light from the multiple windows casting shadows, the point that one is
standing becomes an intersection of different spaces: the observer sees the partition
turning before it meets the exterior wall, luring to walk further, until a kitchen area. One
can clearly perceive a remote space even if he is not physically in there.
Similar experience of phenomenal transparency and spatial continuity can be
found in David Leatherbarrow’s comparative analysis of Le Corbusier’s Villa La Roche
(1923-1925), and Villa Müller, designed by Adolf Loos in 1930, as shown in Figure 3.10.
As described by Leatherbarrow, “before this room is entered, looking right, the dining
room can be seen at the top of a flight of steps, on the left another semi-spiral stairway
begins. Straight ahead from the point of arrival on the main level are windows that are
open onto the rear garden in the foreground and Prague in the distance. Thus from this
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point three primary settings are interconnected...” (Leatherbarrow, 2005, p.13). A
quotation from George Howe clarifies the spirit of such design principles:
“Architecture cannot be limited to four walls and a roof, however complex the
system of subdivisions they enclose, or as a system of posts and planes, transparent or
opaque. To experience the meaning of...space in an architectural or purely human, sense
it is not enough to look at its visible form...To feel space the observer must flow through
it, he must go in and come out, become conscious of the indoors and the outdoors as
related parts of a continuous whole” (Howe quoted in Leatherbarrow, 2005, p.6).

Figure 3.10 Phenomenally Transparent Space in Villa Muller (1930), designed by Adolf Loose

Furthermore, such spatial continuity is intentionally designed to re-sensitize
people to their surroundings, leading ultimately to a realignment with nature (Samuel,
2010). A fundamental idea of modern architecture that Frank Lloyd Wright consists is the
concentration on the continuum of architecture-nature-flow. Wright’s Prairie Style
usually favors an open ground plan contained within a horizontal format comprising low-
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pitched roofs and low bounding walls, and the low profile is integrated deliberately into
the natural external (Frampton, 2007). A few modernist masters, such as Alvar Aalto,
Richard Neutra and Rudolph Schindler, design buildings that appear to grow out of their
natural settings (Sternberg, 2009). In the Modernism architectural practices in Southern
California (1900-1970), buildings usually have a way of being transparent to nature and
the sunlight, as shown in Figure 3.11- 3.12.

Figure 3.11 [left] Tremaine House, designed by Richard Neutra
Figure 3.12 [right] Singleton House (1959), designed by Richard Neutra

Richard Neutra is very sensitive to the natural world. His writings and his designs
reveal how he sees humans’ lives enmeshed in a network of relationships between built
and natural environment (Leatherbarrow, 2004): “Man is always in the middle of
something – this ineluctable presence, enveloping and permeating our lives, is called the
environment. It ties us together. It determines who we are, how we feel and what our
outlook is. Of primordial vintage...the environment, depending on how sensitively we
manage its complement of resources, can either erode or strengthen our sanity and
civility, and these are as essential to survival, in any meaningful and lasting human sense,
as clean air and water.” (Neutra, 1989, p.5).
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Neutra was explicit about the health benefits of well-planned architecture and
about the importance of nature and natural views in health and healing. In Neutra’s
creation of architecture-nature-continuity, literally and phenomenally transparent spaces
interweave to each other. The most obvious indication of Neutra’s desire to overcome the
separation between architecture and its natural surroundings is his transformation of
external walls into partitions, such that the space of the interior flows out into the exterior
(Leatherbarrow, 2004). One can easily perceive nature through these phenomenally
transparent components: the partitions, the frames, and the seamless glass. In his designs,
water flows indoors, and the interior is canopied by the trees; one’s lines of sight can
easily penetrate the whole place and ends in nature, which creates an illusion that indoor
is a part of outside, and outside is the extension of interior.
3.1.3 An Urban Approach of Phenomenal Transparency
The analysis above clarified that transparency, particularly the phenomenal, is
applicable in the small scale buildings, in the construction of spatial continuity.
Moreover, phenomenally transparent spaces can also be employed in the scale of urban
design. According to the interpretation of Bernhard Hoesli, exterior open spaces and
interiors can be connected and somehow transformed by transparent spaces. As shown in
Figure 3.13, depending on the degree of enclosure the space-boundary exerts, ‘inside
space’ can be felt as part of ‘outside space’, hence space becomes continuous (Hoesli,
1997b).
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Figure 3.13 Phenomenally transparent spaces and a continuum of interior-exterior spatial flow, by
Bernhard Hoesli, 1997

There are plenty of previous studies talking about such similar interior- exterior
relationships using the urban approach. Porticos are the common transitions of interiorexterior environments in Medieval urban forms, which are tightly attached to the rooms
and partially open to the piazza at the same time. People seated in a café in the portico
may be confused whether they are indoors or out. The street could also be an extension of
shop and home. A well-scrubbed pavement and the absence of refuse can make the street
the nearest thing to a communal room (Rudofsky, 1969). Some of these phenomenally
transparent spaces seem to be autonomic; however, it is the old city form, which evolves
from the Middle Ages in Europe, which enables such autonomy possibilities.
Architects can use the concept of phenomenal transparency analyzing the old city
forms described by Camillo Sitte. His most famous work, City Planning according to
Artistic Principles, is still seen as relevant today as it was when published in 1889. He
traveled throughout European cities, mainly Italy, France and Germany as well as the
native Austria, and observed how the cities have developed and established a set of
principles on the arrangement of architecture, piazza and associated public spaces. The
fact that most of Sitte’s selected exemplars came from the Middle Ages did not make him
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Figure 3.14 Series of Piazzas in Old City Forms: A Church Belongs to Several Piazzas
Simultaneously (Sitte, 1989)

a neo-medievalist. Sitte analyzed spatial situations of cities from the Renaissance and
Baroque eras, and even from the nineteenth century. His concept was rather to refine the
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universal, historically invariable rules of composition for urban planning that could and
must serve the present (Lampugnani, 2008) (see Figure 3.14).
Sitte was mainly concerned with the increasingly technical way the contemporary
cities were being designed at the expense of traditional artistic methods (Sydney, 2012).
Among the 255 piazzas Sitte observed, he found out that the key element of successful
urban design is the public squares, and one of the key characteristics of successful public
plazas is their enclosed nature, restricting views out of the space and limiting endless
perspectives (ibid.). He also criticized the nineteenth-century trend of floating massive
civic and institutional buildings in the middle of vast plazas. Phenomenal transparency
can be an alternative to analyze these city forms. Sitte found out that churches, the central
components of the parishes, are majorly attached to another building in the piazza. In
Italy, according to the size or importance of the community, two or three principal
squares, seldom only one, serves various civic purposes as a piazza system (Sitte, 1986,
19). According to Hoesli, “transparency exists where a locus in space can be referred to
two or several systems of relations” (Hoesli, 1997b, p.85). When a church belongs to
several piazzas simultaneously, it is indicated that the church becomes phenomenally
transparent to different piazzas (Figure 3.14). Such relation between the church and
piazzas holds validity in the relationship between buildings and public open space.
Suppose a piece of open space as the substitute of the church, and considering the forms
of the piazzas as buildings, then the external space becomes phenomenally transparent to
the surrounded architectural interiors. Moreover, when a series of open spaces interweave
with building components, in a similar organization that piazzas and churches exist in

67

Sitte’s description, then the interiors are divided by phenomenally transparent spaces but
remain connected with the exterior environment.
A well-organized urban fabric is a spontaneously developed system with
intersection between the buildings and the open spaces. Phenomenal transparency
contributes to such a system that there is no explicit front figure and background
relationship, such as a palace sits in the middle with landscape in the back. The
continuous flow of people from one built environment to another, and among landscapes
to buildings, inevitably involves phenomenally transparent spaces.
The modern institutional architecture, such as urban mega-hospitals, is
particularly like a small city because of the complexity in the programming. A hospital
can be analogous to a small city since they are places that encompass most significant
functions, events and experiences of urban lives: birth and death, healthcare, work,
exchange, learning, research and worship (Allison, 2012). They are usually so
complicated that the residential design strategies may not be applicable because the
problems happen there can usually not be resolved by simply manipulating the spatial
forms. An urban approach is inevitable in the planning and design of urban general
hospitals.
However, with the improvements of medical theories and technological progress,
hospital buildings become highly functional and complicated as “healing machines” since
World War II (Verderber & Fine, 2000). International Style hospitals in urban context are
being criticized for their ignorance of humanism concerns (Verderber, 2006). Patients
usually experience stress during hospitalization; patients and families have also reported

68

stress related to the physical environments of mega-hospitals such as loss of control,
difficulties of way finding (Ulrich, 1999; Ulrich et al., 2004). On the one hand, healthcare
professionals are seeking solutions to relieve the various environmental stressors, such as
using urban design strategies to improve way-finding, segmenting the mega-hospital by
redefining the functions in different components of a village-like complex, and
introducing positive distractions to people for the overall stress reduction (Allison, 2012;
Verderber & Fine, 2000; Ulrich, 1999). On the other hand, nature, which has been proven
therapeutic in variety of tests, is being integrated into healthcare environments (Kaplan &
Kaplan, 1989; Ulrich, 1984; Cooper-Marcus & Barnes, 1995).
As an urban approach becomes inevitable in urban hospital architectural design, it
requires logic to functionally segment the massive building into meaningful pieces and
integrate therapeutic landscape within the campus. By overlapping different layers of
spaces, including functional spaces, public spaces, circulation spaces and therapeutic
landscapes, the shared parts became phenomenally transparent to each other.

Figure 3.15 [left] Mat Building, “Noah’s Ark” project shown at Team 10 Meeting at Abbaye
Royaumont (1962)
Figure 3.16 [middle] Model, Venice Hospital, designed by Le Corbusier and Gullermo Jullian de
la Fuente
Figure 3.17 [right] Model view of patio and hanging gardens in Venice Hospital, image from
Atelier Jullian
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An avant-garde modern hospital designed by Le Corbusier and Guillermo Jullian
de la Fuente – Venice Hospital (1964) is shown in Figure 3.15-3.17. Although it’s an
inbuilt project, and despite the awful patient room design, the layout of the hospital
illustrates how external nature and the architectural interiors interweave with each other.
An urban approach also lies behind this project, from the speculations by Pablo Allard:
“the plan reads as a regular series of quadrangular areas, each structured around a small
‘square’ and connected by axial ‘street’ corridors to the other units in the same level and
to other floors by elongated ramps that ran parallel to the ‘street’” (Sarkis et al., 2001,
26). Two elements contribute to the spatial continuity between buildings and the external
nature: piloti and patio. “The space of the pilotis forms a shaded region in which the
reflections of sunlight on water would create continuous movement...” (Addington, et al.,
2001, 69). And patios are more than just the static result of a solid that has been carved
out to gain light and air, but also form a series of phenomenally transparent spaces in
urban Venice in both physical and spiritual way. A final quotation from Pablo Allard
further explains such spatial continuity:
“Following the explorations started at the 1964 Carpenter Center in Cambridge,
the interactions of inside and outside space are consciously activated by means of layers
of transparencies and visual fluidity that dissolve the contextual difficulties faced in
Harvard building by de-materializing the facades and the limits of the envelope, and
projecting the envelope, and projecting the surrounding buildings as the ultimate facade.
In Venice, this effect is intensified by the shimmering reflections of the sun on the water
and its projections on the slabs, walls, glassed surfaces, and pilotis.” (Allard, 2001, 31)
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This section discussed the literal and phenomenal transparency from the
perspective of Cubist painting, initiated by Rowe and Slutzky. Followed by the
interpretations of Hoesli, the applications of the phenomenal transparency are further
interpreted by using residential architecture and urban design as examples. Phenomenal
transparency, described as the phenomenon when an entity simultaneously belongs to
different spatial components, has a prerequisite that the subject is a system that consists
of multi entities with meaningful interrelations. In such a system, building boundaries can
be blurred, and interiors and exteriors can be fluidly connected by introducing
phenomenal transparency. By analogizing a complicated building as a small city,
phenomenally transparent spaces in urban scale can contribute to a landscapearchitectural flow. Certain types of institutional architecture, such as the urban megahospital with complicated functions, are pragmatic to design in an urban approach of
phenomenal transparency. By segmenting the mega-hospitals and different spaces (i.e.,
functional spaces, circulation spaces and public green spaces), the phenomenally
transparent spaces help to make a continuum of landscape-architectural flow and
optimize the users’ connections with therapeutic nature.
3.2 Theraserialization
Most current healthcare facilities are freestanding, isolated, and, at worst, cut off
from their surroundings. Urban hospitals in the US are typically built as thick buildings
due to a desire to optimize travel distances and functional relationships within and
between clinical and supporting departments. However, this building configuration
disconnects building occupants in core work areas from natural views and daylight
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(Behringer, 2011). Since the influence of patient-centered care from the early 1990s,
there has been a rising call for the functional deconstruction of urban mega-hospitals,
either segmenting the thick buildings into small functional pieces within a medical
campus, or spreading out the functional components across the local community: “the
unbundling and redefinition of the outpatient community health clinic, ambulatory
surgery center, freestanding diagnostic clinic, mobile services, and so on- gave rise not to
an aesthetically driven expression of deconstruction per se but to a functionally driven
expression ”(Verderber & Fine, 2000, p.186). In the scope of architectural design, there is
a need to reinvent the relationship between site, landscape, and the building, and blur the
often stark, abrupt line of demarcation between the interior and the exterior environments
(Verderber, 2010).
The term theraserialization is a hybrid assemblage of the words therapeutic and
serialize developed by Verderber (2010). It is defined as a continuum of indoor to
outdoor space consciously designed in support of biophilic environmental design
principles. It entails the interpretation of space as being serialized, as layered, collaged,
superimposed, transparent, and fluid. It is about the creation of serialized space from the
public, to semipublic, to semiprivate, to private. It is about the spaces in between and
about illusion (Verderber, 2010). Verderber (2010) generally states five strategies to
break down the needless walls/barriers between a hospital and the natural environment
including water, roofscaping, surrogates, healing gardens, and transparency, in a two-way
continuum between the interior and exterior. “By peeling away, or dematerializing, the
physical and symbolic barriers that cut the interior of a building off from the outside
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world, its true ‘nature’ can be revealed and the building can breathe” (p.52). An example
of theraserialized healthcare space is the corridor of Banner Estrella Medical Center in
Phoenix, AZ, as shown in Figure 3.18.

Figure 3.18 Banner Estrella Medical Center in Phoenix, AZ.

3.3 A Preliminary Pattern Language of Transparent Spaces in Urban Healthcare
Environments
The architectural typology studies by Christopher Alexander and his colleagues
(1977, 1979) are reviewed in this part of literature review aiming to explore the spatial
patterns of nature-integrated transparent spaces that can be used in healthcare facility
design. The word pattern refers to components, items, and design characteristics
interchangeably (Tanner, 2009). Patterns are occurrences that happen over and over in the
built environment (Tyson, 1998). A sentence describing design patterns is retrieved from
A Pattern Language: “many of the patterns here are archetypal—so deep, so deeply
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Table 3.1 Preliminary Pattern Language of Transparent Spaces in Urban Healthcare Environments
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rooted in the nature of things, that it seems likely that they will be a part of human nature,
and human action, as much in five hundred years, as they are today” (Alexandar et al.,
1977, p. xvii).
In the following paragraphs, each newly developed pattern is described starting
with its title, resources, then the graphic representative, design application, and a brief
case study with the pattern built in an actual healthcare project. Core information is
distilled and collected in Table 3.1.
3.3.1 Hierarchical Landscape Realms


Patterns from Alexander (1977) include: 098 - Circulation Realms; 108 Connected Buildings; 114 - Hierarchy of Open Spaces; 131 - Flow
through Rooms.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
07 - Backyard Garden; 09 - Courtyards; 15 - Atrium Garden.

This pattern describes the hierarchic green open spaces on the campus of the
healthcare facility. Green space at higher hierarchy indicates larger space, more public
and easily accessible, while lower hierarchic green spaces are more private for particular
groups of patients or staff. In the campus planning of Miami Valley Hospital that is in
conjunction with the new Heart and Orthopedic Center, NBBJ’s landscape designers
increase the amount of green space by 54 percent, resulting in a vastly improved patient
and visitor experience. Building components are arranged around the green core; a
garden spine is created to link the hierarchic green open spaces within the campus (NBBJ,
2014).
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3.3.2 Courtyards that Breathe


Patterns from Alexander (1977) include: 095 - Building Complex: One
Building with Identifiable Parts; 096 - Number of Stories; 115 Courtyards which Live; 128 - Indoor Sunlight.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
09 - Courtyards; 10 - “Hole-in-a-Donut” Garden.

This pattern describes the type of low-rise, mega-building with holes of
courtyards. The courtyards provide natural views and natural light to the users who are
roughly in the center of the building with limited connection to the exterior. Connection
to nature as part of the healing environment is the main design driver for the center for
spinal cord and brain injuries in Basel, Switzerland, planned by Herzog de Meuron. The
building integrates nine courtyards in its footprint to increase the perimeter wall.
Therefore 65 percent of the space is located in the daylight area within 15ft of the
perimeter wall and 95 percent of all regularly occupied spaces have a connection to
therapeutic landscapes. Circular skylights above patient beds provide a view to the
external nature for paralyzed patients (Behringer, 2011).
3.3.3 Vertical Cutouts and Hanging Gardens


Patterns from Alexander (1977) include: 095 - Building Complex: One
Building with Identifiable Parts; 096 - Number of Stories; 128 - Indoor
Sunlight.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
09 - Courtyards; 12 - Roof Garden/ Hanging Garden; 15 - Atrium Garden.
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This pattern is similar to Pattern #2, with a concentration on the number of stories.
For the high-rise structures with narrow footprints, hanging gardens and roof gardens are
able to provide natural views and natural light to the users. The hanging gardens within
the high-rise buildings are analogous to the holes in a piece of Swiss cheese. Architecture
firm 3LHD wins a design competition proposal for a private medical center for Firule in
Split, Croatia. The Polyclinic is situated close to the sea and its fresh air, near an existing
hospital complex. Due to the programmatic and functional demands of such a project, the
architects “developed acquired functions vertically in order to place all the services,
diagnostics, practices and laboratories as requested” (Jordana, 2009, para.3). Public
spaces are located on the ground and first floors while the patient clinic and
administration are on the upper floors; semi-public spaces and hanging gardens are
interspersed throughout all floors (Jordana, 2009).
3.3.4 Positive Outdoor Spaces


Patterns from Alexander (1977) include: 095 - Building Complex:
Collection of Small Buildings; 106 - Positive Outdoor Space; 115 Courtyards which Live.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
04 - Landscaped Setback; 09 - Courtyards; 10 - “Hole-in-a Donut”.

As Alexander (1977) stated, outdoor spaces which are merely “left over” between
buildings will, in general, not be used. The same could be said of healthcare facilities.
Therapeutic landscapes and healing gardens that surround and lie between the buildings
are positive. Giving each one some degree of enclosure, one could surround each space
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with wings of buildings, trees, hedges, fences, arcades, or trellised walks until it becomes
an entity with a positive quality and does not spill out indefinitely around corners
(Alexander et al., 1977). This pattern describes the relationship between healing garden
and the building. Courtyards in positive convex shapes are able to effectively extend the
building boundaries, therefore providing more external views and connections to
therapeutic nature. Positive outdoors are inviting and attractive to users and could
potentially enhance the person-nature engagement within the healthcare environment.
3.3.5 Micro-Landscapes along “Light Wings”


Patterns from Alexander (1977) include: 095 - Building Complex: One
Building with Identifiable Parts; 107 - Wings of Light; 109 - Long Thin
House; 157 - Light on Two Sides of Every Room.



Typology of therapeutic landscapes from Cooper - Marcus & Sachs (2013):
09 - Courtyards; 14 - Peripheral Garden.

Healthcare structures should be reshaped to introduce natural light as much as
possible. If treating the presence of natural light as an essential feature of indoor space,
then no building could ever be more than 20-25 feet deep, since no point in a building
which is more than about 12 or 15 feet from a window, can get good natural light
(Alexander, 1977). The present pattern requires that buildings be made up of long and
narrow wings, allowing patients exposure to the natural light, as the wards designed in
the Riks Hospital in Oslo, Norway display.
3.3.6 Cascading Roof Terraces


Patterns from Alexander (1977) include: 095 - Building Complex:
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Collection of Small Buildings; 108 - Connected Buildings; 116 - Cascade
of Roofs; 118-Roof Garden


Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
12 - Roof Garden; 13 - Roof Terrace.

First, from Alexander’s observation, many beautiful buildings have the form of a
cascade, a tumbling arrangement of wings and lower wings and smaller buildings and
sheds, often with a single, highest center. Few buildings will be structurally and socially
intact, unless the floors step down toward the ends of wings, and unless the roof,
accordingly, forms a cascade (Alexander, 1977). On the campus of a building complex,
flat roofs can be designed as roof gardens and roof terraces if there are limited lands on
the ground level for the use of therapeutic landscapes. Taking advantage of roof gardens
in healthcare environments, therapeutic landscapes are therefore brought closer to the
patients and staff. Meanwhile, the whole building complex can be visualized as a system
of roof gardens, as shown in Helsingborg hospital extension project design.
3.3.7 Landscaped Arrival Zones


Patterns from Alexander (1977) include: 095 - Building Complex:
Collection of Small Buildings; 108 - Connected Buildings; 119 - Arcades;
131- The Flow through Rooms.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
02 - Borrowed Landscape; 05 - Nature and Fitness Trials; 09 - Courtyard;
16 - Viewing Garden.

This pattern describes the area of building entrance. Buildings, with a graceful
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transition between the street and the inside, are more tranquil than those which open
directly off the street. The experience of entering a building influences the way you feel
inside the building (Alexander, 1977). To avoid too abrupt transition, institutional
architectures usually have a front porch in the entrance area. For healthcare facilities, an
entry garden is more likely to form a welcoming amenity and ease patients’ stress of
arrival. Make a landscaped transition space between the street and the front door; mark it
with a change of light, direction, and above all with a change of view. Fleury Medicina E
Saude designed by Perkins + Will presents an exemplary case of this type. Arriving at
hospital is a key component of the hospitalizing experience. Landscaped entrance
transition contributes to a landscape-architectural flow and then reduces patients’ stress
level.
3.3.8 Transparent Movement Arteries


Patterns from Alexander (1977) include: 095 - Building Complex:
Collection of Small Buildings; 108 - Connected Buildings; 119 - Arcades;
131- The Flow through Rooms.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
02 - Borrowed Landscape; 05 - Nature and Fitness Trials; 09 - Courtyard;
16 - Viewing Garden.

This pattern describes circulation spaces that are transparent to external nature.
The term Movement Arteries within healthcare environments is inspired by the term
“Mover Space” in the study of public spaces for healthcare facilities by Pangrazio (2013).
Movement Arteries feature constant movement as well as ebb and flow of user volumes,
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including corridor, connecting bridge between different architectural components. As
discussed previously, Pasha (2010) found out that a garden located in a low traffic zone
of the hospital has lower chance of being discovered by visitors. In contrast, gardens
located in the high traffic zone (e.g., intersections or the central space such as lobby or
main corridor) are more likely to be passed by and discovered. As a result, transparent
movement arteries are able to expose patients more to the therapeutic landscapes and
healing gardens.
3.3.9 Dematerialized Boundaries


Patterns from Alexander (1977) include: 119 - Arcades; 160 - Building
Edge; 166 - Gallery Surround



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
02 - Borrowed Landscape; 09 - Courtyard; 14 - Peripheral Garden; 16 Viewing Garden.

This pattern describes the building boundary. “If people cannot walk out from the
building onto balconies and terraces which look toward the outdoor space around the
building, then neither they themselves nor the people outside have any medium which
helps them feel the building and the larger public world are intertwined” (Alexander,
1977, p.778). To form a continuum of interior-exterior flow in the urban healthcare
environment, building boundaries designed transparent to external nature is an efficient
strategy. As shown in the design of Peter & Paula Fasseas Cancer Clinic at University
Medical Center in Tucson, Arizona, the building boundary is intimately connected to
nature. Continuous galleries/colonnades along the building indicate a transition of
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architectural interior and external nature. Plants covering the ground invade into the
gallery reaching until the edge of the curtain wall. The boundary of the building has been
melted by the invading landscapes, and then nature can be drawn closer to patients.
3.3.10 Atrium Gardens and Green Lightwells


Patterns from Alexander (1977) include: 126 - Something Roughly in the
Middle; 128 - Indoor Sunlight; 135 - Tapestry of Light and Dark; 175 Green House



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
15 - Atrium Garden; 16 - Viewing Garden.

In latitudes where the climate precludes sitting or strolling outdoors during much
of the year, an atrium garden can provide an attractive substitute. Numbers of medical
facilities in very hot and dry regions or extremely cold regions incorporate a glass-roofed
atrium furnished with appropriate trees, plants, and seating (Cooper-Marcus & Sachs,
2013). A small atrium garden that doesn’t allow people to walk in may perform as a light
well in a dark spacious interior environment. The location of the light well is roughly in
the middle of the space that people passing through the area thus provides a therapeutic
natural view. An exemplar case of atrium garden can be found at the Cardiovascular
Center at University of Michigan, Ann Arbor, Michigan (Cooper-Marcus & Sachs, 2013).
Special attention to natural lighting was given to patient care areas in the design of John
Muir Medical Center Walnut Creek campus expansion and remodel project, designed by
Ratcliff.
3.3.11 Half-Hidden Garden
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Patterns from Alexander (1977) include: 111 - Half-Hidden Garden; 163 Outdoor Room; 193 - Half-Open Wall.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
07 - Backyard Garden; 09 - Courtyard.

This pattern describes the intimate relationship between a garden and the interior.
If a garden is too close to the street, people may not use it because it isn’t private enough.
According to Alexander (1977), a garden should not be fully placed in front of the
building, or fully to the back. Instead, place it in some kind of half-way position, side-byside with the architecture, in a position which is half-hidden from the public spaces, and
half-exposed. In the Khoo Teck Puat Hospital in Singapore designed by RMJM, there is a
half-hidden garden adjacent to the architecture interior space. The concept behind the
aesthetic organization of the hospital is driven by the utilization of the natural advantages
of the site; given the benefits of natural surroundings, the design team developed the idea
of “the Hospital in a Garden.” The garden landscape and water features greet visitors,
patients and staff at hospital. A series of planted terracesbetween upper floor patient
towers culminate the “garden hospital” experience (RMJM, 2014).
3.3.12 Therapeutic Viewing Place


Patterns from Alexander (1977) include: 134 - Zen View; 150 - A Place to
Wait; 180 - Window Place; 192 - Window Overlooking Life.



Typology of therapeutic landscapes from Cooper-Marcus & Sachs (2013):
02 - Borrowed Landscape; 09 - Courtyard; 16 - Viewing Garden.

This pattern describes the views to therapeutic landscapes in healthcare
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environment. According to the observation of Alexander (1977), everyone loves window
seats, bay windows, and big windows with low sills and comfortable chairs drawn up to
them. “Rooms without a view are like prisons for the people who have to stay in them.”
People staying in a hospital for any length of time need to be able to refresh themselves
by looking at a world different from the one they are in (Alexander, 1977). Natural view
through window has been proven stress-reducing to patients and staff (Ulrich, 1984;
Verderber, 1986). In hospital waiting areas, therapeutic views to the external world are
essential to the patients and families with high level of stress. In the design of Owensboro
Health Regional Hospital in Owensboro, Kentucky, people get a glimpse of the hospital’s
natural surroundings while in the waiting area (Dombrowski, 2013).
3.4 Summary
This chapter analyzed the architectural theories on topics of transparency,
specifically phenomenal transparency as analytic and design tools in architecture design
ranging from residential typology to complicated urban design systems (Rowe et al.,
1997). Based on the interpretation of phenomenal transparency and its relevance to the
spatial continuum from interiors to the external landscapes, transparent spaces were
theoretically tested applicable in dense healthcare facilities with potential capabilities of
encouraging people-nature engagement.
Then a preliminary pattern language of transparent spaces were proposed by
synthesizing the by Christopher Alexander’s (1977, 1979) pattern language and CooperMarcus’ typology study of outdoor environments in general hospitals (2013). Among the
12 design patterns, “Hierarchical Landscape Realms” aimed the overall planning of the
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medical campus that a series of landscape spaces served as a spine. Pattern #2 to Pattern
#6 (i.e., “ courtyards that breathe”, “vertical cutouts and hanging gardens”, “positive
outdoor spaces”, “micro-landscapes along ‘light wings’”, and “cascading roof terraces”)
aimed the configuration of various parts in the medical campus and how gardens were
fully integrated. pattern #7 to pattern #7 (i.e., “landscaped arrival zones”, transparent
movement arteries”, “dematerialized boundaries”, “atrium gardens and green lightwells”,
“half-hidden garden” and “therapeutic viewing place”) aimed the design details and
perceptions from the observer’s stand point. Therefore, by appropriately applying these
patterns, nature was more visible and accessible by hospital occupants.
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CHAPTER FOUR
EVIDENCE-BASED RESEARCH APPROACHES
TO THE STUDY OF LANDSCAPE AND HEALTH

4.1 Evidence-Based Research and Design
Evidence-based research and design (EBR&D) is a process for the use of the
current, most credible evidence from research and practice in making critical decisions
about project design (Stichler & Hamilton, 2008). Evidence-based medicine is the
primary resource where evidence-based design comes from (see Figure 4.1). Research
evidences for design should come from rigorous study, randomized trials or quasiexperiments (Center for Health Design, 2008).

Figure 4.1 Evidence-Based Medicine

According to Hamilton (2003), the implementation of EBR&D includes four
levels of activities:
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Level 1: Interpret the Evidence, including: (1) read material to stay current on
emerging research; (2) use critical thinking to interpret implications of research on
current project; (3) collect success stories and historical data on completed projects.
Level 2: Hypothesize and Measure, requiring: (1) Perform applied research as a
practitioner on real projects; (2) Hypothesize intended results of design interventions; (3)
Measure the results associated with design interventions.
Level 3: Share Results Publicly, including: (1) Report unbiased project results in
the public arena, in writing and verbally; (2) perform independent third-party postoccupancy evaluations; (3) improve understanding of research methods through advanced
education.
Level 4: Meet Academic Standards, requiring: (1) collaborate with credible
academic researchers and social scientists; (2) publish research results in peer-reviewed
journals; (3) write academic thesis or dissertation on evidence-based design topic.
Evidence-Based Research and Design has become dominant in the realm of
healthcare design. More than 1,000 research studies suggest healthcare design can
improve patient care and medical outcomes and can decrease medical errors and waste
(Marberry, 2007Evidence-based research and design has been applied to healthcare
facility planning and design and interior design and healthcare product design—such as
in hospital furniture—in a combination of the ideas from multi-disciplines, including
Environmental Psychology, Architecture, and Ergonomics. Therapeutic landscapes and
healing gardens are emerging topics where EBR&D plays an important role (CooperMarcus & Sachs, 2013). In the studies of the landscape and health topics, Ulrich (1984) is
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considered as the pioneering scholar using EBR&D methodologies. He used controlled
trials to test the window effects on patients’ recovery in patient rooms, and concluded
that window views of nature can relieve patient’s pain and reduce length of stay in
hospital.
The studies on topics of restorative environments from environmental
psychologists, represented by the Kaplans (1989, 1993) and Hartig and his colleagues
(2003), have also used EBR&D strategies, although not labeled as such. Using the imagebased survey in preference studies has also provided rigorous evidence regarding
people’s perception and preference to a certain type of space. However, there is still a
need to extend the empirical EBR&D to design applications, remaining disconnections
from theories to design process (Cooper-Marcus & Barnes, 1999).
4.2 Instruments Measuring Stress and Emotional States
4.2.1 Stress
An important indicator of nature’s therapeutic capacity is the level of stress.
Mental restoration is inversely proportional with stress level. The presence of high levels
of stress indicate low levels of mental restoration. Physiological readings of heart rate,
blood pressure, spontaneous skin conductance and muscle tension are widely used to
indicate stress level. For instance, Ulrich and his colleagues (1991) employed the
combination of the following measurements in the study of stress recovery in two settings,
including: electorcardigram (EKG), pulse transit time (PTT), spontaneous skin
conductance responding (SCR) and muscle tension (EMG). The EKG and PTT were used
to obtain information regarding cardiovascular activity; the EKG records rate information
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(heart period, HP), while PTT correlates highly with systolic blood pressure (Ulrich et al.,
1991). Meanwhile, SCR records activity that is controlled by the autonomic nervous
system. Normally people’s blood pressure increases during stress and decreases during
recovery.
In a study about nature’s therapeutic benefits on pain by Vincent (2009), blood
pressure (systolic pressure and diastolic pressure), heart rate and mean arterial pressure
(MAP) were collected using the GE DINAMAP device aimed to capture people’s stress
level accompanied with the pain simulation (i.e., participants immersed their nondominant hand up to the wrist in ice water). Diastolic pressure was reported as being
significantly correlated with stress level, that is participants’ diastolic pressure increased
during the treatment period and then decreased during the recovering period (Vincent,
2009).
4.3.2 Emotional States
Emotional states, especially mood, have been used previously as a measurement
of stress (e.g., Goto et al., 2013). Mood refers to positive or negative transient, fluctuating
affective states (McNair et al., 1971, 1992) that reflect “how an individual feels in
general or globally at a particular moment in time” (Berger, 2000, p.69). Since stress is
usually accompanied with negative mood states, mood could be an effective indicator of
nature’s therapeutic capacity; in other words, nature’s therapeutic benefits usually result
in a positive mood change (Cooper-Marcus & Barnes, 1995; Vincent, 2009).
The most widely used instrument is the Profile of Mood States Survey (POMS): a
psychological rating scale used to evaluate transitional or long-term mood (McNair et al.,

92

1971). Profile of Mood States Survey was originally developed as a clinical measurement
for psychiatric outpatients to test the effects of certain treatments (McNair et al., 1971).
The original version of the survey has 65 items that measure six subscales, including
Tension-Anxiety, Depression-Dejection, Anger-Hostility, Vigor-Activity, Fatigue-Inertia,
and Confusion-Bewilderment. Items are rated on a 5-point Likert scale, ranging from 0
(not at all) to 4 (extremely). Total mood disturbance is calculated by subtracting the vigor
subscale score from the sum of the other five subscales and it can range from 0 to 200
(ibid.). Several shortened versions of the original form, number of items ranging from 6
to 40, were developed (Cella et al., 1987; Dean et al., 1990; Grove & Prapavessis, 1992;
McNair et al., 1992; Shacham, 1983; Terry et al., 1999). There is a need to discern the
various versions of POMS and make a selection for this study. A detailed section
regarding related issues of POMS can be found in the next chapter.
Zuckerman Inventory of Personal Reactions (ZIPERS) is another efficient
measurement of people’s emotional states. Developed by Zuckerman (1977), the ZIPERS
questionnaire consists of 12 items that measure positive emotions, sadness, attentiveness,
fear arousal, and anger/aggression (Hartig et al., 1997). Interviewees indicate the extent
to which they are experiencing the given reactions and feelings at that moment using 5point scales (1= not at all, 5 = very much).
4.3 Visual Preference Study Using Image-Based Methods
4.3.1 A General Overview
The central concerns in environmental aesthetics include understanding
environmental influences on affect and translating those understandings into
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environmental design that is judged favorably by people (Nasar, 1992). Although there
has been a tendency towards a multi-sensory comprehension of the environmental
surroundings, visual quality is the major aspects since much of the way humans
experience the environment is visual (Kaplan & Kaplan, 1989). Visual quality of the
environment may influence people’s perception, behavior and sense of well-being. With
knowledge of the relationship between properties of the visual environment and human
affect, design professionals can better plan, design, and manage settings according to
users’ preferences and activities, and ultimately contribute to enhancing quality of life
(Nasar, 1992).
Studies of environmental/landscape perception and assessment have almost
always been based on responses to surrogates, usually images of the settings. Since the
1970s and 1980s, studies in literature have analyzed still photographic images as
surrogates for the real landscape. Stewart and colleagues (1984) have suggested that
people viewing a scene would gather similar information to that supplied by a still image.
A meta-analysis of the relevant literature on environmental psychology containing imagebased approaches showed that a combined correlation of 0.86 existed between preference
obtained on site and preferences obtained through photographs (Stamps & Arthur, 1990).
It has been concluded that there are basically three types of image-based
approaches in relevant studies. According to Jens K. Steen Jacobsen, the first type is to
include photos in questionnaires and/or personal interviews, mostly related to numerical
ranking but also in order to evoke various types of responses including open-ended
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questions. The second type is subject employed photography, while the third type is to
utilize images or photographs in various sorting procedures (Steen Jacobsen, 2007).
In this dissertation research the first approach would be mainly used to collect the
data of people’s aesthetic preferences toward different types of hospital waiting area
design. To test people’s preferences for landscapes, the first type of approach aims to
elicit statistically valid measurements of preferences, using randomly selected observers
who look at a number of photographs of different landscapes typologies and score their
levels of attractiveness (Bell, 2012). For instance, Daniels’ Scenic Beauty Estimation
Method (SBE) is a well-known example of such a technique (Daniel & Boster, 1976). In
an SBE study, participants usually rate their preference for different landscape photos on
a 1-10 scale and then researchers endeavor to relate the ratings to the physical features of
the landscape (ibid.).
Subject-employed photography as an experience-recording technique involves the
distribution of cameras to a sample of visitors to particular environments and asking them
to take photos of scenes, areas, or items according to stated research criteria. Such an
approach was initially used in studies focused particularly on features that attracted
visitors to certain sites, while were subsequently employed to measure human perceptions
of a variety of natural environments (Taylor et al., 1987).
4.3.2 Image-Based Method in the Health-Related Topics of Environmental Preference
Studies
There are several pioneering scholars who have contributed to advancing the
successful use of images in the study of health-related topics in this realm, represented by
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Rachel Kaplan and Stephen Kaplan, and their followers. Speaking of the study
specifically about healthcare environments, some scholars have also successfully used the
image-based methods to measure people’s physiological and psychological reactions to
various environments - take the studies from Roger Ulrich, Stephen Verderber and Ellen
Vincent for example. A detailed description of their studies can be found as followed.
Kaplan and Kaplan conducted fruitful studies on topics of restorative
environments that can help people recover from mental fatigue (Kaplan & Kaplan, 1989).
Their attention-restoration theory has claimed that people process surrounding
information through two kinds of attention: directed attention and fascination or
involuntary attention; directed attention fatigue is a type of temporary symptom of the
brain that may result in a decline of working efficiency (ibid.). In their previous studies,
image-based methods have been widely used to test this pre-developed theory. The
approach is to elicit preference scores and relate them to the cognitive aspects of the
perception of the scene, such as coherence, complexity, legibility, and mystery (ibid.).
Ulrich followed Kaplan’s lead and developed a model of visual landscape
preference based upon an analysis of the informational qualities of various settings. He
proposed five variables thought to affect the informational properties of an environment
and thereby visual preference — Complexity, Structure, Focality, Depth, Ground Surface
Texture, Threat/Tension, Deflected Vistas, and Water (Ulrich, 1983). By using the
image-based survey, the study showed that people prefer natural landscape scenes with a
relatively high degree of complexity, a clear focal point, and even ground texture, good
depth of field, and that convey a sense that new predictable information is available by
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moving through the landscape (Balling & Falk, 1982). Later in Ulrich’s career, he shifted
his research focus onto healing environments. He used images and video-based quasiexperiments to assert that visual contact with nature can significantly reduce people’s
stress and positively change their mood (Ulrich et al., 1991).
Verderber has developed a photo questionnaire for a complicated “window study”
in the realm of healthcare environments (Verderber, 1986). Nonmetric multi-dimensional
scaling (MDS) was utilized to test an array of 21 cognitive dimensions. Fifty-six
photographs that sampled a broad spectrum of spaces ranging from highly windowed to
windowless were used in the survey; and eight visual categories were identified. Vincent
tested the pain-reducing effects of viewing different types of natural images in her study.
She used Appleton’s prospect-refuge theory as the criteria of the selection of natural
scenes. Four categories of images were included in her experimental test, including the
natural scene expressing (a) prospect, (b) refuge, (c) prospect-refuge, and (d) hazard
(Vincent, 2009).
4.3.3 Key Procedures
Environmental Sampling
When studying the environment, however, the question of adequate selection of
environments is as vital as the sampling of the participants. For the environmental
typologies that researches claim, the first step is to make decisions that what scenes of the
environments should be included (Kaplan & Kaplan, 1989). In selecting images as
representatives, the investigator needs to be articulate about criteria. As initiated by
Kaplan and Kaplan, several helpful guidelines for effective sampling may include: (1)
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avoid sore thumbs, which means that if a scene has something visually striking that most
other scenes do not have, its other content is likely to be ignored; (2) any category
sampled should shave several scenes (at least three, preferably four or five) representing
it; (3) span the range of preferences available in each category and avoid the temptation
to use only the more aesthetically pleasing scenes; to do so would be to bias the ratings
on the category; and finally, (4) if a scene too important or too interesting to drop could
be interpreted in a variety of ways, include several scenes that fit each of the alternative
interpretations to permit subsequent hypothesis testing (ibid.).
Scaling
The next step is to ask the participant to rate each scene in terms of preference.
Some studies have used different scales, for instance, the SBE method developed by
Daniel and Boster (1976) used a 1-10 scale, and Kaplan and Kaplan’s studies usually
employed a 5-point Likert Scale (from 1=“not at all” to 5=“a great deal”) (Kaplan &
Kaplan, 1989). While in a study of visual preference for natural environments by Balling
and Falk (1982), a 6-point Likert Scale from “extremely desirable” (6 point) to
“extremely undesirable” (1 point) was employed. The number of scale positions is
somewhat flexible; permitting the participant a neutral midpoint or forcing a direction
makes little difference in terms of the results (Kaplan & Kaplan, 1982).
Presentation of the Images
In many preference studies, the images were presented to the participants on color
slides with one image on each slide. Balling and Falk (1982) presented the participants a
series of 20 slides twice at a rate of one slide every eight seconds. The order of the slides
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was completely randomized between participant groups and independently for each of the
2 series. Verderber presented 64 color photographs, each sized 4” by 5”, to the
participants in a hard format. Two identical sets of color prints were mounted in two
black 8.5” by 11” three-ring binders, four photos per page. For the size of the image,
according to IJsselsteijn and colleagues (2006), the large screen images generally
represented high experimental realism and the small screen represented low realism.
Category-Identifying Methodology (CIM)
For the data analysis, it is practical to compute the mean score for each scene.
Analysis of the most and least preferred images can be very useful. However, according
to Kaplan and Kaplan (1989), aside from the simple descriptive analysis (i.e. how much
each scene is liked), the procedures that involve patterns among the ratings are very
important. Category-identifying methodology, or factor analysis, is aimed to find out the
correlation among the images. A high correlation (close to 1.0) indicates that certain
images share some common features that are attractive to people. Therefore, the final
results are expected to include several identified categories that represent the most liked
and the least liked features of the scenes.
4.4 Survey Study and Questionnaires
4.4.1 Perceived Restorativeness Scale (PRS)
PRS is a widely used scale for the measurement of mental fatigue and restorative
quality of environment experienced by people. Hartig and his colleagues (1997)
developed this instrument aimed to utilize the attention-restoration theory (ART) to
measure people’s perceived restoration in different types of environments (Kaplan &
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Kaplan, 1989; Kaplan, 1995, 2001). It can also be used to assess the restorative potential
of existing and proposed settings and to inform various kinds of design efforts (Hartig et
al., 1997). Four key constructs in ART—being away, extent, fascination, and
compatibility—are measured as the subscales of restorative quality in environments in
PRS. A PRS questionnaire includes four subscales and 16 items all-together. Take the
subscale “being away” for example: interviewees are asked to answer two questions,
including “it is an escape experience” and “spending time here gives me a good break
from my day-to-day routine” (ibid.). The 7-point Likert scale (0 = not at all, 6 =
completely) is used to evaluate the extent to which the given statement fits their
experience of the given environment.
It is reported that the four subscales in PRS is reported to have high internal
consistency (Cronbach’s alpha > .75) (Hartig et al., 1997). The scale also indicates high
construct validity analyzed by statistical procedures. Some scholars modified PRS to the
5-point Likert scale for the measurement of perceived restorative quality of environments.
For instance, Hug and colleges measured the restorative qualities of indoor and outdoor
exercise settings on scales ranging from 1 (strongly disagree) to 4 (strongly agree) (Hug
et al., 2009).
4.4.2 SF-36
The Short Form Health Survey (SF-36) is a widely used instrument to survey the
health level of people where mental health and emotional status are two of the subscales.
The SF-36 is a 36-item questionnaire that measures eight dimensions of health, including
bodily pain, general health, mental health, physical functioning, role limitations due to
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emotional problems, and role limitations due to physical health, social functioning, and
vitality (Stigsdotter et al., 2010). Higher scores on the SF-36 (range 0-100) indicate better
health and health-related quality of life. A Danish health study completed by Stigsdotter
and colleagues (2010) investigated the association between green space and healthrelated quality of life and self-rated health and stress, respectively, based on data from a
large national representative survey using SF-36 questionnaire. It is found that people
living more than one km away from the nearest green space have poor health and higher
stress than people who live closer than one km away. The instrument is specifically
efficient in a longitude study and survey to the general health status.
4.4.3 Self-Developed Questionnaire
Survey is another method used as EBR&D strategy in the study of healthcare
environmental research and design. A representative study is about the landscape
preference evaluation for the hospital environment (Petros & Georgi, 2011). A stratified
sampling method was conducted to four user groups including doctors, nurses,
administrative staff and medical students at the new University Hospital of
Alexandroupolis (Greece). One hundred and two participants (5% of the total population
occupied in the hospital) took the survey questionnaire crafted by a team of expert
scientists. Survey questions were about users’ perception and satisfaction regarding the
features of the open public space within the hospital, including resting areas, social and
public spaces, personal spaces, vegetation, water features, and color of the landscaping.
Results have shown that the majority of the respondents prefer the hospital outdoor space
to be a garden-like resting space with trees and bushes, and they also believed that
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landscape design with green areas in the outdoor space of the hospital would positively
affect their psychology and help the patients to recover (Petros & Georgi, 2011). A high
percentage of the respondents favored water features, a mixture of trees and bushes in the
planting design, and a dominant, limited range of colors in landscaping (ibid.). A
literature review of representative studies that used EBR&D research methods is shown
in Table 4.1.
Author (Year)
Ulrich (1984)

Method
Quasi-Experiment
and Archival Data

Treatments [Media]
(1) Patient rooms with window views
of a natural scene; and (2) patient
rooms facing a brick wall. [Actual
window views]

Instruments/Measures
Length of stay; Dosage of
analgesics; Archival data
(comments in nurses’ notes).

Verderber
(1984)

Survey

Physical medicine and rehabilitation
environment with a spectrum of
spaces ranging from highly windowed
to windowless. [Images]

Rating scores of preference,
rating scores of satisfaction,
and associated behaviors using
photo-questionnaire.

Kaplan et al.
(1988, 1993)

Survey

(1) Work place with window views
including natural elements; and (2)
work place with no view or view
without natural elements. [Images]

Rating scores of job
satisfaction.

Ulrich et al,
(1991)

Quasi-Experiment

A video stressor; and two treatment
videos: (1) natural scene of
vegetation and water; (2) urban
scene with light or heavy traffic, few
or many pedestrians. [Video]

Recordings of blood pressure,
heart rate, muscle tension and
spontaneous skin conductance.
Rating scores of feelings using
ZIPERS.

Hartig et al.,
(2003)

Survey

(1) Natural environment: tree views/
natural reserve; and (2) urban
environment with medium density of
offices and retail development.
[Images]

Rating scores of user’s
preference using PRS.

Naderi & Shin
(2008)

Survey

Questionnaire items on two
conceptual designs of a hospital
courtyard. [Images and Digital
Models]

Rating scores of preference
using self-developed
questionnaire.

Dijkstra et al.
(2008)

Experiment;
Survey

Two types of patient rooms: (1) with
indoor plants and (2) without indoor
plants. [Images]

Rating scores of perceived
attractiveness.
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Vincent et al.
(2009)

QuasiExperiment;
Survey

Natural images including four
categories: (1) prospect, (2) refuge,
(3) hazard, and (4) mixed prospect
and refuge. [Images]

Recordings of blood pressure
and heart rate; and rating
scores of mood status using
POMS.

Petros &
Georgi (2011)

Survey using
Stratified
Sampling

Landscapes within hospital
environments. [On-site interview]

Self-developed survey
questionnaire, rating scores of
user's preference and attitudes.

Beukeboom et
al. (2012)

Experiment;
Survey

Three conditions alternately applied
to two waiting rooms alternatively:
(1) real plants’ (2) posters of plants;
(3) no plants. [On-site observation
and interview]

Rating scores of perceived
attractiveness of the waiting
room. Rating scores of POMS
and STAI-6.

Goto et al.
(2013)

QuasiExperiment;
Survey

Three courtyards: (1) “Japanese
garden”; (2) the “herb garden”; and
(3) an area with a green lawn and a
single young oak tree as a control.
[On-site observation]

Recordings of cardiac output;
and rating scores of mood
states using POMS.

Pasha (2013)

Survey

Five green outdoor spaces in three
pediatric hospitals. [On-site
observation]

Rating scores of users’
attitudes.

Table 4.1 Review of Representative EBR&D Studies with the Discussion of Research Methods
and Instruments
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CHAPTER FIVE
TESTING THE STRESS-REDUCING EFFECT, MOOD CHANGE, AND VISUAL
PREFERENCE TO THE THERAPEUTIC VIEWING PLACE

5.1 Research Hypotheses Revisit
Take the hospital waiting areas for instance, this study rigorously tested the
potential stress-reducing effects of the pattern “therapeutic viewing place” (see Figure
5.1). The research hypotheses proposed in the first chapter were revisited at the beginning
of the chapter:

Figure 5.1 Pattern -12 Therapeutic Viewing Place

Hypothesis 1: People's levels of stress will decrease most significantly when
seeing the image of a transparent hospital waiting area that has maximum natural views
rather than images of hospital waiting areas with limited or no window views of nature.
Hypothesis 2: After viewing the image of a transparent hospital waiting area with
maximum natural views, people's mood will be more positive than viewing images of
hospital waiting areas with limited or no window views of nature.
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Hypothesis 3: People prefer the images of transparent hospital waiting areas with
maximum natural views rather than the images of hospital waiting areas with limited or
no window views of nature.
5.2 Design of the Survey-Embedded Quasi-Experimental Study
5.2.1 Research Design
This research was conducted in the manner of evidence-based design to make
comparative tests of the stress-reducing, mood-changing effect and people’s aesthetic
preference to three types of hospital waiting areas. This study specifically tested the
visual aspects of the three types of spaces using photo-simulations. In this study, a
mixture of measurements were used in a pre- and post-test, between group, surveyembedded quasi-experimental study to test the above three hypotheses.
There were three parts in the study. The first part was the test of the stressreducing effects of the three types of hospital waiting area. Participants first experienced
a five minutes’ pre-test period to relax, and then they were exposed to a movie stressor
that can induce acute stress, for approximately five minutes. Next, participants were
randomly assigned to one of the three treatment groups. In each treatment group,
participants saw an image that represented one of the three categories of hospital waiting
areas for eight minutes: (1) waiting room with no window views, (2) waiting area with
limited window views to natural features, and (3) a transparent waiting area with
maximum natural views. Physiological readings of blood pressure and heart rate were
continuously measured from the pre-test period until the end of the treatment for each
group.
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Figure 5.2 Research Design of the Survey-Embedded Quasi-Experimental Study (adapted from
Vincent, 2009)

The second part was the post-test of subjects’ mood states. The brief version of
the Profile of Mood States Survey (POMS-Brief) was applied to each participant. At last,
participants were required to rate 21 images (a mixture of the three types of waiting area
designs) according to their preferences, using a 6-point Likert Scale. All the images and
the video were projected on a screen. The same procedures of the three parts were
conducted to the same sample. Research design was demonstrated in Figure 5.2.
5.2.2 Variables
Independent variables in the study were the images of three types of hospital
waiting areas in urban healthcare environments. Dependent variables were people’s stress
levels (indicated by physiological readings of blood pressure and heart rate), POMS
scores, and the scores of their aesthetic preferences.
5.2.3 Participants
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Healthy college students at Clemson University were the target population for this
study. The investigator posted advertisements on information boards around campus and
sent out invitation emails through the university email system.
Before attending the study, each potential participant’s health status was selfevaluated answering the following questions: (1) Have you ever been told by a doctor
that you have heart disease, such as heart attack, angina, abnormal heart rhythm. Please
exclude high blood pressure, or high blood cholesterol. (2) Have you ever been told by a
doctor that you have high blood pressure, or hypertension? (3) Have you ever been told
by a doctor that you have had a stroke? (4) Have you ever been told by a doctor that you
have asthma? (5) Do you have any other long-term illness, physical or mental, that has
been diagnosed by a doctor? Include any illness that has lasted six months or more or is
expected to last six months or more. A long-term illness may be intermittent (episodic) e.g. epilepsy, stomach ulcers, migraine – or continuously present. Participants checking
yes for any of the above questions were not invited to this study.
Using incentives may increase the rate of participation (Dillman, 2000). Each
subject attended the study received $10 cash as reward. Participation was voluntary for
all subjects in this study. One can withdraw from the study at any time if he or she feels
uncomfortable. Each subject need to indicate their consent to participate by signing a
written document before taking the study. Each subject was assigned a random ID
number. Their names won’t be shown on any data-recording materials so that the subjects
won't be recognized.
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An expedited review was conducted by Clemson University Institutional Review
Board (IRB), and the approval (IRB2014-259) was effective from August 5th, 2014 to
August 4th, 2015. Detailed documents regarding the subject recruitment and IRB approval
can be found in Appendix F.
5.3 Study Instruments and Device
5.3.1 Device for Psychophysiological Readings

Figure 5.3 GE DINAMAP

The GE DINAMAP Pro 100 Vital Signs Patient Monitor NIBP Pulse & Recorder
was used to measure the readings of blood pressure and heart rate (see Figure 5.3). The
advantages of this device include noninvasiveness and accuracy for academic purposes
(Vincent, 2009). The investigator has set the time interval of two readings as one minute.
In the entire study each subject had 16 to 18 sets of data recorded via this machine.
5.3.2 POMS: Profile of Mood States
General Introduction
Profile of Mood States questionnaire was used for the mood states measurement
in this study. The original POMS questionnaire, developed in 1791, contains 65 items
that measures respondents’ transient or long-term mood states based on six subscales (i.e.,
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Tension-Anxiety, Depression-Dejection, Anger-Hostility, Vigor-Activity, Fatigue-Inertia,
and Confusion-Bewilderment) (McNaire et al., 1971). It adopts a 5-point Likert scale for
each item ranging from 0 (i.e., “Not at all”) to 4 (i.e., “Extremely”). The POMS was
specifically designed to measure the treatment effects on psychiatric outpatients but its
extensive use has been widely documented (Bourgeois et al., 2010). McNair and
colleagues (2003) documented the use of POMS in over 5000 studies in a wide range of
research topics. More recently mood has been frequently studied as one of the indicators
of health outcome and POMS used in relevant studies has demonstrated strong potentials
as an effective instrument. For instance, Cooper-Marcus and colleagues have linked
positive mood change to nature’s therapeutic benefits (Cooper-Marcus & Barnes, 1995,
1999; Francis & Cooper-Marcus, 1991). Vincent (2009) linked the positive mood change
and pain-reducing effects to certain natural scenes. Groto and colleagues (2013) used
POMS in their study about garden design in assisted living facilities and the potential
benefits on mood change and stress (Groto et al., 2013).
Full Scale versus Shortened Versions
There have been researchers who have criticized the full-scale POMS (65 items)
for its length, saying that it takes too long to complete (Shacham, 1983; Grove &
Prapavessis, 1992; Curran et al., 1995). It usually takes eight to ten minutes to complete
the full scale and it takes 3 to 5 minutes for a short form that has items fewer than 35 (Lin
et al., 2014). Considering the length of the study, a shortened version of POMS was
preferred. However, there have been various shortened versions developed for assorted

112

research aims. As a result, further discussions are necessary to make a reasonable
selection.
McNair and colleagues developed a 30-item, 6-subscale version (POMS-Brief)
(McNair et al., 1992) and documented it under the supervision of MHS (Multi-Health
System). They reported the internal consistency for the original POMS at 0.63 to 0.96
Cronbach’s alpha rating and 0.76 to 0.95 for the brief version (McNair, et al., 1971, 1992,
2003). Roughly at the same time, Terry and colleagues developed a 24-item, 6-subscale
version (POMS-A) that is suitable for both adolescents (aged 11-17 years old) and adults
(aged above 18 years old). Cronbach’s alpha coefficients were higher than 0.70 for all of
the 6 subscales in POMS-A (Terry et al., 1999, 2003).
In addition to the above well-established shortened versions of POMS, other
scholars have also developed similar scales based on the original six subscales. For
instance, Shacham (1983) developed a shortened version (i.e., named as SV-POMS or
POMS-SF interchangeably) consisting of 37 items, which has been found to have higher
internal consistency among cancer patients (DiLorenzo, et al., 1999). Grove and
Prapavessis (1992) provided a 40-item scale with the usual 6 subscales plus an esteemrelated subscale, specifically for sport studies. The Educational and Industrial Testing
Service published a 30-item shortened version that removed less psychometrically sound
or confusing items (Bourgeois et al., 2010). Cella and colleagues (1987) applied an 11item short form of POMS and kept only the Total Mood Disturbance (TMD) scale.
Finally, Dean and colleagues (1990) experimented on a 6-item version that simply used
the subscale headings of the original POMS, named the Incredibly Short POMS (ISP) but
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the reliability and validity check for ISP was not widely documented. The emergence of
the various versions of the POMS indicates that the form is very flexible on the amount
of items and is applicable in a wide range of topics.
In this study, the 30-item POMS-Brief version was selected considering the
optimum numbers of items required for the assessment of a construct. Terry and
colleagues (1999) cited the argument from Jackson and Marsh (1996) and Bollen (1989)
that the ideal number of items needed to describe a construct in a short questionnaire is
more than three. From the statistical perspective, it is argued that less than four items
typically fail to assess a construct with Cronbach’s alpha valued higher than 0.70
(Tabachnick & Fidell, 1996). In addition, Terry and colleagues stated “as alpha
coefficients are influenced by the number of items in a factor, it is suggested that each
factor of a questionnaire should contain the same number of items to facilitate accurate
comparisons of internal consistency” (Terry et al., 1999, p.862). As a result, intent to
keep the six subscales was unchanged and the study narrowed the selection to the
shortened versions that have equal items for each subscale. Since POMS-Brief was
developed by McNair’s team and officially published by MHS, it was finally confirmed
as the instrument for mood survey in this study. To elaborate, Heuchert and McNair
(2012) updated the POMS to a second edition (POMS 2) that contains 7 subscales (i.e.,
Friendliness was added). It has four self-report versions: the Profile of Mood States 2nd
Edition-Adult (POMS 2-A), Profile of Mood States 2nd Edition-Youth (POMS 2-Y),
Profile of mood States 2nd Edition-Adult Short (POMS 2-A Short), Profile of Mood States
2nd Edition-Youth Short (POMS 2-Y Short). However, insufficient test reviews were
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documented by the implementation of this study. As a result the study used the first
version of the POMS-Brief for adults that are 18 years old or above.
Subscales
Six subscales are measured in the POMS, including: Anger-Hostility (AH),
Confusion-Bewilderment (CB), Depression-Dejection (DD), Fatigue-Inertia (FI),
Tension-Anxiety (TA), and Vigor-Activity (VA). Total Mood Disturbance (TMD) can
also be reported by using the formula: TMD = [(AH+CB+DD+FI+TA)-VA]. Detailed
descriptions of the subscales are listed in Table 5.1:
Subscales
Tension-Anxiety

Descriptions
“Tension is typified by feelings such as nervousness, apprehension, worry, and
anxiety” (Terry et al., 2003, p.127). The state of intensified physical tension caused
by anxiety or impatience, which is usually expressed through observable and nonobservable behaviors.

DepressionDejection

“Depression is associated with a negative self-schema characterized by themes such
as hopelessness, personal deficiency, worthlessness, and self-blame” (Beck & Clark,
1988; Terry et al., 2003, p.127). The scale indicating depression or self-inadequacy
hallmarked by sadness, loneliness, guilt, worthlessness, and hopelessness.

Anger-Hostility

“Anger is typified by feelings that vary in intensity from mild annoyance or
aggravation to fury and rage, and is associated with arousal of the autonomic
nervous system” (Spielberger, 1991). The feeling of anguish and hostility described
by words of “Annoyed” or “Resentful”.

Vigor-Activity

“Vigor is typified by feelings of excitement, alertness, and physical energy” (Terry et
al., 2003, p.127). The cheerful mood referring to high, positive energy contrasts to
other scales.

Fatigue-Inertia

“Fatigue is typified by feelings of mental and physical tiredness” (Terry et al., 2003,
p.127). The scale reflecting weariness, inertia, and low energy.

ConfusionBewilderment

“Confusion is proposed to be a feeling state characterized by bewilderment and
uncertainty, associated with a general failure to control attention and emotions”
(Terry et al., 2003, p.127). The scale reflecting anxiety labeled with bewilderment
and cognitive inefficiency.
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Total Mood
Disturbance

A global indicator of emotional disturbance, psychological distress, or subjective
well-being.

Table 5.1 Description of the Subscales of POMS (adapted from Lin et al., 2014)

Terry and colleagues (2003) proposed that, based on their findings, depression
indicated moderate positive relationships with anger (AH), confusion (CB), fatigue (FI)
and tension (TA), and a weak reversed relationship with vigor (VA). However, vigor
indicated a negative relationship with fatigue but was unrelated to anger (AH), confusion
(CB), and tension (TA) (Terry et al., 2003). Berger and Motl (2000) confirmed that the
subscales can be reported separately when the research aims on examining changes in
specific moods, and TMD is useful in studies with small sample size when researchers
are interested in the global estimate of mood states. In addition, described by Morgan
(1985), when reporting results, a decrease in tension (TA), depression (DD), and anger
(AH) translates to similar meanings of “feeling better”.
The questionnaire items used for this study can be found in Table 5.2, categorized
by subscales:
Subscales

Items

Tension-Anxiety (TA)

Tense, Shaky, Uneasy, Nervous, Anxious

Depression-Dejection (DD)

Sad, Unworthy, Discouraged, Lonely, Gloomy

Anger-Hostility (AH)

Angry, Grouchy, Annoyed, Furious, Bad-tempered

Vigor-Activity (VA)

Lively, Active, Energetic, Full of pep, Vigorous

Fatigue-Inertia (FI)

Worn out, Fatigued, Exhausted, Sluggish, Weary

Confusion-Bewilderment (CB)

Confused, Muddled, Bewildered, Efficient*, Forgetful

*Efficient score needs to be inversed in result analysis.

Table 5.2 Questionnaire items in POMS-Brief (McNair, et al., 1989, 2003)

116

5.3.3 Visual Preference Survey Questionnaire
In the aesthetic preference study section, subjects were presented a series of 24
slides once, at a rate of one slide every eight seconds (Balling & Falk, 1982). The slides
were rated on a 6-point Likert Scale ranging from extremely like (6 point) to extremely
dislike (1 point). The survey instruments and related documents can be found in the
Appendix.
5.4 Selection of the Images Used in Treatment Groups and Preference Study
5.4.1 Image Sorting and Ranking Task
“Content validity refers to the extent to which items represent the construct they
are purported to measure” (Terry et al., 1999). McNaire and colleges used experts to
establish content validity (McNaire et al., 1971) and Jones and colleges used a
representative sample of participants (Jones et al., 1990). Both of the methods were used
by some scholars to further enhance the content validity. For instance, Vincent (2009)
conducted a systematic procedure of image selection by using a focus group and an
expert team.

Figure 5.4 Three-Stage Image-Selection Procedures and Criteria of the Image Collection
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This study adopted a similar procedure to select the images for treatments and the
preference study. Figure 5.4 shows the three-stage procedures used in the image
selection. First, the investigator collected more than 100 images of hospital waiting areas,
and then narrowed them down to 54. Among the 54 images, 18 images have no window
views or visual connections to natural features; 18 have limited window views of nature;
and 18 images are transparent spaces with maximum natural view. The images were
retrieved from professional magazines, healthcare design firms, and the Internet.
There were eight criteria in the image collection stage:
(1) Images of the hospital waiting areas fell into one of the following three
categories: (a) exclusion of window views of natural features; (b) limited
window views of nature; (c) transparent space with maximum views of nature;
(2) Accessible from one’s typical viewing angle and position within the room;
(3) Landscape orientation;
(4) Consistency of the color tone of the images within each group;
(5) Exclusion of the children’s hospital images because there may be too many
colors or decorations;
(6) Similar perception of the spaciousness;
(7) No distinguishable people and limited number of variables;
(8) Actual images are preferred; renderings should look very much like an actual
photograph.
Fifty-four images were selected by the investigator for the focus group to further
sort and rank them. The format of the 54 images was kept consistent. Each image was
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printed in color and sized 5” by 7”. A random ID generated by “Random.org” (a random
ID generator) was assigned to each image and printed on the back. Images’ color themes
were detected using Adobe Color software, and the investigator erased some of the bright
color and distracting variables, such as the pictures on the wall and images on the TV
screen -if there is any - using Photoshop.
Secondly, a focus group of 19 college students further sorted the mixture of three
categories of images. They took this study in the seminar room at Architecture + Health
Program. They were oriented by the pre-taped instructions about the concepts of three
categories of hospital waiting areas. They were told that it was not a preference survey.
They were asked to sort the images from the most representative to the least
representative, according to their own understanding of the descriptions of each category.
Each participant received a packet of instruments used in the image sorting task,
including: (1) a shuffle of images; (2) pencil and survey form; (3) image selection sorting
task script; and (4) the sorting task score sheet. The demographic information of the
participants is shown in Table 5.3. Instruments were listed as Appendix A - C.
Age Group
Gender
Ethnicity
Education
Major

18-30
18
Male
6
White
12
Bachelor’s
3
Architecture
11

31-45
1
Female
13
Asian/Pacific Islander
7
Master’s
12
Landscape Architecture
4

Doctorate
4
PDBE
4

Table 5.3 Demographic Information of Participants in the Focus Group Study
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5.4.2 Results of the Image Sorting Task by Focus Group
According to each category definition, the participants sorted and ranked the
images based on their own understandings. Figure 5.5 – 5.7 shows the sorting and
ranking results of the 54 images. In each category the image ranked at the top received 18
points and as the rank decreased the points also decreased accordingly. Images ranked
lower than the 18th all received one point.

Figure 5.5 Image Sorting and Ranking Results in Category 1: No Natural View

Figure 5.6 Image Sorting and Ranking Results in Category 2: Limited Natural View
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Figure 5.7 Image Sorting and Ranking Results in Category 3: Transparent Waiting Area with
Maximum Natural View

5.4.3 Experts’ Opinions
Thirdly, the committee as the expert team suggested several other comments to
further filter out the images. Experts suggested eliminating the images that were too
bright or too dark. The images lack of ceiling was also eliminated. People and obvious
water features should not be present on the images. Finally, the top two images in each
category, representing three categories of hospital waiting areas respectively, were
confirmed as treatments, as shown in Appendix D. Moreover, the top seven images in
each category, twenty-one in total, were confirmed as the images used in the preference
study. An inventory of the 21 images can be found in Appendix E. Among them, image
#4571 and #5386 were selected as the treatments in Group 1, image #1228 and #2333 as
treatments in Group 2, and image #1255 and #8337 as treatments in Group 3.
5.5 Selection of the Movie Stressor
Using a thriller movie as the stressor also worked in previous studies. For
example, a black and white industry safety film, “It Didn’t Have to Happen” (12’52”) has
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been frequently used in psychological studies (Lazarus et al., 1962; Thayer et al., 1983;
Ulrich et al., 1991). The film portrays three accidents including: (a) a worker lacerates a
finger in a jointer machine, (b) another worker amputates part of a finger on a sanding
machine, and (c) a table saw propels a board through the abdomen of a passing worker.
However, it is an old, black and white movie and the qualities of the scenes are
not sufficient for current studies. Researchers following this method updated the selection
of stressor movies in the recent two decades. Wessel and colleagues (2008) used a clip of
“American History X”, directed by Tony Kay (1998) in a cognitive study. Brand and
colleagues (1997) and van den Berg and colleagues (2003) used a four minute clip of the
movie “Faces of Death #1” in the study of nature’s restoration effects.
The above movie stressors were either too old or may induce extreme discomfort.
As a result, a focus group study was conducted for the selection of the thrilling movie as
a stressor at the initial phase. The investigator decided that the choice for the stressor
video was to come from a list that included: (1) seeing a dentist (4’43”); (2) hurricane
Wilma (5’07”); (3) a film clip from “The Silence of the Lambs” (4’57”), directed by
Jonathan Demme (1991). The length of the stressor videos ranged from 4’43” to 5’07”.
The class of HORT 4270/6270 viewed the above movie clips and the majority voted “The
Silence of The Lambs” as the most stress intensifying.
5.6 Pilot Study
5.6.1 Pilot Study Implementation
To test the research method, the first two parts of the study (stress study and mood
study) were pilot tested using a smaller sample (N = 17, 8 male, 9 female) from the same

122

target population. The pilot study was conducted in a seminar room in Lee Hall, Clemson
University. The room was arranged as a neutral environment. All blinds were shut to
avoid the distraction from window views. The screen in the room was approximately the
same size as the one in the lab room at School of Nursing.
5.6.2 Pilot Data Analysis
For each subject, readings of one’s heart rate and blood pressure acquired during
the pre-test period were averaged as the “normal” reading. Then, the investigator
compared the readings during their exposure to the stressor and the treatment to their
normal readings, respectively. For the heart rate data analysis, some significant findings
are listed here: (1) the average increased percentage of heart rate during the stressor
period for all the subjects was 5.7%, which indicated that the stressor influenced the
subjects and induced their stress levels; (2) the average decreased percentage of heart rate
during treatment period for all the subjects was 6.4%, which indicated that the images
from each treatment group have certain abilities to reduce people’s stress; (3) the third
group (i.e., transparent waiting area with maximum natural views) reduced the largest
percentage of heart rate for the subjects, which indicated that the transparent waiting area
design may have the “best” potential to reduce people’s stress. The second group (i.e.,
waiting area with limited window views of nature) performed better than the first group
(i.e., waiting area that is total exclusive of natural views). Because of the small sample
size (N = 17), the results didn’t yield to statistical significance.
Subjects’ systolic pressure data has been pilot analyzed. To define the calming
effect of different images in the three treatment groups, a formula has been developed.
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Using the mean of the subject’s pre-test readings as the indicator of one’s neutral status
(Xpre), the highest reading during the stressor-movie as one’s perceived most stressful
status (Xstress), and the mean of the subject’s post-stressor movie readings as the indicator
of one’s recovering period (Xrecover), the calming effect (by percentage) was defined as:
Calming Effect = (Xstress – Xrecover)/Xpre × 100%
Take systolic pressure for example, the one-way ANOVA analysis has indicated that the
third group (i.e., images of transparent hospital waiting areas with maximum natural
views) performed the most calming effect, compared to the second group (i.e., images of
hospital waiting areas with limited window views of nature) and the first group (i.e.,
images of hospital waiting areas with no window views to nature). Detailed data analyses
are reported in Tables 5.4 - 5.6.
Descriptives
sys_calming
Group* N

Mean

Std.
Std.
Deviation Error

95% Confidence Interval for Mean Min.
Lower Bound
Upper Bound

Max.

1
6
4.4313
4.10800
1.67708 .1202
8.7424
1.21
12.32
2
6
5.1769
6.60547
2.69667 -1.7551
12.1090
-2.65
15.28
3
5
10.2599
4.79593
2.14480 4.3050
16.2149
4.76
15.13
Total
17 6.4088
5.59725
1.35753 3.5309
9.2866
-2.65
15.28
*Group 1 = No Window View; Group 2 = Limited Natural View; Group 3 = Transparent with Maximum
Natural View

Table 5.4 Descriptive Analysis of the Calming Effect for Systolic Pressure
ANOVA
sys_calming
Sum of Squares

df

Mean Square

F

Sig.

Between Groups

106.724

2

53.362

1.894

.187

Within Groups

394.543

14

28.182

Total

501.267

16

Table 5.3 ANOVA Table of the Calming Effect for Systolic Pressure
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Multiple Comparisons
sys_calming
(I)

(J)

Treatment

Treatment

1.00
LSD

2.00
3.00

Mean

Std.

Difference (I-J)

Error

Sig.

90% Confidence Interval
Lower Bound

Upper Bound

2.00

-.74562

3.06494

.811

-6.1439

4.6527

3.00

*

3.21454

.091

-11.4904

-.1668

1.00

.74562

3.06494

.811

-4.6527

6.1439

3.00

-5.08301

3.21454

.136

-10.7448

.5788

1.00

*

3.21454

.091

.1668

11.4904

5.08301

3.21454

.136

-.5788

10.7448

2.00

-5.82863

5.82863

* The mean difference is significant at the 0.1 level.

Table 5.6 Multiple Comparisons Table of the Calming Effect for Systolic Pressure

Figure 5.8 Mean Plot of the Calming Effect for Systolic Pressure

There was a significant difference between Group 1 and Group 3 (p = .091, at 0.1
significance level) showing that Group 3 had a better stress-reduction effect than Group
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1. However, because of the small sample size (N = 17), the decreasing trend from Group
2 and Group 3 was not statistically significant. Figure 5.8 has demonstrated the trend.
For the mood states’ analysis, there was a high potential that Group 3 has the
“best” mood-changing effect. Results of the one-way ANOVA has shown that, in Group
3, subjects’ scores of tension, depression and anger all went lowest after seeing the image
of the transparent waiting area with maximum natural views; while the vigor level of
Group 3 became the highest, which indicated that transparent space may optimize
people’s mood changes. However, because of the sample size limitation, the standard
deviation within each group was large, and the results were not statistically significant.
The result quality is expected to increase in the actual study with a larger sample size.
5.6.3 Study Modifications
Some changes were made according to the pilot test results and participants’
feedbacks. First, it was decided not to use the initially proposed complimentary device,
the fingertip pulse oximeter (Masimo iSpO2), in the actual data collection because it may
have caused missing data. The heart rate reading by DINAMAP provides satisfying
quality overall.
Second, to keep a consistency of the time lapse from subject to subject, all of the
media used in one treatment group was merged in a single video. In the first part of the
video, there is a five minutes’ black screen view for the pre-test period, and then the
stressor movie immediately follows. After the stressor movie, one treatment image is
presented for eight minutes. The second part of the video is again a black screen so that
subjects could take the mood states survey without distractions. Then the final part is the
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preference study. Twenty-one images are presented in a series of slides and each image
lasts for eight seconds. The three parts of the video are tightly connected so that the
investigator doesn’t need to frequently control the computers. Using the single video can
reduce investigator’s potential distractions and reduce bias.
5.7 Study Implementation
5.7.1 Sampling and Participants
The actual study was conducted from September 23rd until December 1st, 2014.
An online signup sheet was created that included time slots for people to select. The
study was open to all healthy college students at Clemson University. One hundred and
twelve people signed up for the study and 99 showed up in their time period. Two
participants’ data were not usable because of missing data caused by the equipment
problem. One participant quit in the middle of the study. Among the 96 usable data sets,
one was excluded in the final analysis because the subject was younger than 18 years old.
A detailed descriptive analysis of subjects’ demographics information can be found in the
next chapter.
5.7.2 Study Site
The study was taken in the black-box room in the Clinical Simulation Training
Lab (CLRC) at School of Nursing, Clemson University. The room was approximately
15.6’ by 18.6’ in size. Comfortable seats with side tables were arranged roughly in the
center of the room. Participants sat in the chair and faced a big screen (sized 9’ long and
5’3” high), where the stressor video and the treatment images worked in the back area to
reduce distraction, as shown in Figure 5.9 - 5.11.
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Figure 5.8 Master Plan of the Clinical Simulation Training Lab (CLRC) at School of Nursing,
Clemson University

Figure 5.9 Immediate Exteriors and the Interiors of the Clinical Simulation Training Lab (CLRC)
at School of Nursing, Clemson University

Figure 5.10 One Participant Attending the Study on the Sit
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CHAPTER SIX
PSYCHOPHYSIOLOGICAL RESPONSES, MOOD AND PREFERENCE TO
DIFFERENT IMAGES OF HOSPITAL WAITING ROOMS

6.1 Introduction
The major research questions addressed in this chapter include: (1) do the images
of transparent hospital waiting areas have more positive effects on people’s perceived
levels of stress, mood change and aesthetic preferences, in comparison with two other
categories of images of urban hospital waiting areas -- (a) total exclusion of nature, and
(b) with limited window views of natural features? (2) Is there any correlation between
people’s preference and the transparency features of the hospital waiting room images?
To answer these questions a survey embedded quasi-experimental study was
conducted (N = 95). This chapter begins with the descriptive analysis of the sample’s
feature, followed with the detailed analysis of the changes of participants’ blood pressure
(systolic pressure and diastolic pressure) and heart rate. Then, it describes the analysis of
participants’ mood changes. People’s preferences for different categories of images were
also analyzed.
In the data analysis, various statistic methods were used, including descriptive
analysis, one-sample t-test, one-way ANOVA, simple linear regression analysis and
factor analysis. Table 6.1 presents the measurements and the data analysis methods.
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Measurements
Description of the Sample
(Age, Gender, Ethnicity, and Educational Level)
Psychophysiological Readings: Systolic
Comparison of Means
and Diastolic Pressure, Heart Rate
Mood: POMS
Reliability Analysis
Comparison of Means
Ranking Order
Comparison of Means
Correlation between
Visual Preference
Preference Scores, Mood
and Changes of Vital
Readings
Correlation between
Spatial Features and the
Preference Scores

Data Analysis Methods
Descriptive Analysis
One-Sample t-Test
One-Way ANOVA
Cronbach’s Alpha
One-Way ANOVA
Descriptive Analysis
Repeated Measures ANOVA
Correlation Analysis

Correlation Analysis
Simple Linear Regression
Factor Analysis

Table 6.1 Measurements and the Designated Analysis Methods

6.2 Descriptive Analysis
There were 95 participants’ data sets analyzed (male = 48, female = 47). Gender
distribution by group of the sample can be found in Table 6.2. There were 31 (male =17,
female =14) subjects assigned to Treatment Group1 (i.e., no window view); and 34
(male= 15, female= 19) subjects were assigned to Treatment Group 2 (i.e., limited
window views of nature). Treatment Group 3 (i.e., transparent waiting area with
maximum views to nature) had 30 subjects (male =16, female = 14). For the age variable,
89 subjects were 18-30 years old, 5 were 31-45 years old, and 1 subject was above 60
years old.
Group 1
Group 2
Group 3
Total (by Gender)
Male
17
15
16
48
Female
14
19
14
47
Total (by Group)
31
34
30
95
* Group 1 = No Window View; Group 2 = Limited Window Views; Group 3 = Transparent Space
with Maximum Natural View

Table 6.2 Gender Distributions by Group
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Ethnicity by groups was presented in Table 6.3. Among all participants in the
sample, 46 were White, 16 in Treatment Group 1, 15 in Treatment Group 2, and 15 in
Treatment Group 3. There were 5 Hispanic participants in total; none in Treatment Group
1, 2 in Treatment Group 2, and 3 in Treatment Group 3. There were also 10 African
American subjects, and 3 were assigned into Treatment Group 1, 4 were assigned into
Treatment Group 2, and 3 were assigned into Treatment Group 3. There were also 34
Asian/Pacific Islanders, and 12 were assigned into Treatment Group 1, 13 were assigned
into Treatment Group 2 and 9 in Group 3 (see Table 6.3).

Group 1
Group 2
Group 3
Total

White
16
15
15
46

Hispanic
0
2
3
5

African American
3
4
3
10

Asian/Pacific Islander
12
13
9
34

Total
31
34
30
95

* Group 1 = No Window View; Group 2 = Limited Window Views; Group 3 = Transparent Space with
Maximum Natural View

Table 6.3 Ethnicity Descriptions

The frequency analysis of participants’ educational levels is shown in Table 6.4.
In the present study, there were 60 undergraduate students, 31 master-level graduate
students, and 4 doctoral participants. In addition, the subjects had diversified major
background, including Art and Design, Engineering, Natural Science and Social Science.
A detailed descriptive analysis of participants’ majors is shown in Table 6.5.

Frequency
Percentage

Bachelor’s
60
63.2

Master’s
31
32.6

Table 6.4 Frequency Analysis of Educational Level
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Doctorate
4
4.2

Total
95
100

Table 6.5 Descriptive Analysis of Major

6.3 Stress-Inducing Effect of Viewing Movie Stressor
To test the stress-reducing effect of different images of hospital waiting rooms, it
was part of the study design that participants’ stress level would increase before viewing
different images in the three treatment groups. To induce stress, a clip of the thriller
movie, The Silence of The Lambs, was exposed to all subjects after the pre-test calming
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period. The selected movie was about 5 minutes in length, and it depict Clarice chaseing
after the serial killer, known as “Buffalo Bill”, and finally killing him in a dark room.
Using a thriller movie as a stressor has been used in psychological studies to induce stress
(Thayler & Levenson, 1983; Wessel et al., 2008; Ulrich et al., 1991). A classic movie
used in previous studies is about prevention of work accidents (It Didn’t Have to
Happen) (Ulrich et al., 1991). However, it is an old, black-and-white movie and the
quality was judged to be inappropriate for the current study. There is an inadequate
selection of stressor movies that can effectively induce people’s stress level. At this point,
the testing of the stress-inducing effect of the selected movie in this study was crucial.
The reading collection device, DINAMAP, was set to report a set of readings
every minute, including systolic blood pressure, diastolic blood pressure, and heart rate.
For each individual, there were 4 or 5 sets of readings collected during the pre-test
period. During the stressor movie period each individual has 4 or 5 readings continuously
collected and another 7 to 8 readings collected immediately after that, during the post-test
period. Previous study has used the means of the readings from each period as the
indicators for one’s psychological status in that period (Vincent, 2009). The mean of the
last three pre-test readings for each type of reading was computed and served as the
baseline in this study. For instance, for one subject with five sets of pre-test readings, the
mean of the 3rd, 4th, and 5th reading of systolic blood pressure was set as the baseline for
their systolic blood pressure. The reason to exclude the first two readings is that subjects
may have not been used to the environment and still perceive certain levels of stress. In
addition, to reduce bias from individual differences (e.g., some subjects’ normal blood
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pressure was inherently higher than others), the readings’ were transformed into
percentages. For the value during the stressor period, the highest reading of systolic blood
pressure, diastolic blood pressure and heart rate was selected as representative of the
stressful states of the subjects.
Hence, the stress-inducing effect (by percentage) of the movie stressor was
defined as:
Stress-Inducing Effect = (Xstress – Xpre)/Xpre × 100%
The average increase of all subjects’ systolic blood pressure was about 4.0 % (SD
= 3.93). A one-sample t-test suggested that there was significant (p < .001) difference
between the baseline and the value during the stressor movie period. The same
procedures were conducted to the analysis of diastolic and heart rate readings for all
subjects. The average increase of diastolic blood pressure was about 4.2% (SD = 5.57, p
< .001), and the average increase of heart rate was about 3.4% (SD = 5.90, p < .001). All
analysis mentioned in this section suggests that the movie did have a stress-inducing
effect.
6.4 Comparison of Three Categories’ Images of Hospital Waiting Areas on Subjects’
Psychophysiology Responses
6.4.1 Systolic Pressure
To define the calming effect of different images in the three treatment groups a
formula was developed. Using the mean of subject’s pre-test readings as the indicator of
one’s neutral status (Xpre), the highest reading during the stressor-movie as the most
stressful status (Xstress), and the mean of subject’s post-stressor movie readings as an
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indicator of the recovering period (Xrecover), the stress-reducing effect (by percentage) was
defined as:
Stress-Reducing Effect = (Xstress – Xrecover)/Xpre × 100%
The calming effect on systolic pressure suggested that the mean of participants’
systolic pressure decreased about 5.76% (SD = 4.33) while viewing the image in Group
3, and the decreased percentage in Group 2 and Group 1 were 5.44% (SD = 3.37) and
5.33% (SD = 3.83), respectively. One-way ANOVA analysis has indicated that there was
a nonstatistically significant trend that Group 3 had the most stress-reducing effect
compared to the other two treatment groups, F(2, 93) = .103, p = .902, at .1 significance
level (see Figure 6.1).
6.4.2 Diastolic Pressure
The same analysis procedures were conducted on the diastolic pressure data. It
revealed that images in Group 1 had the lowest stress-reducing effect, about 6.02% (SD =
6.02), and Group 2 and Group 3 reducedparticipants’ diastolic pressure by 7.04% (SD =
7.04) and 6.94% (SD = 6.94), respectively. There was a nonstatistically significant trend
on subjects’ diastolic pressure reduction such that Group 2 performed slightly better than
Group 3, and both of them performed better than Group 1, F(2,93)= .455, p = .636, (see
Figure 6.1).
6.2.3 Heart Rate
From the heart rate analysis, it was found that images in Group 1 reduced
participants’ heart rate by 3.41% (SD = 4.65), and the reduction percentage for
participants in Group 2 and Group 3 were 4.21% (SD = 5.70) and 3.53% (SD = 4.08),
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respectively. There was a nonstatistically significant trend on participants’ diastolic
pressure reduction that Group 2 performed better than Group 3, and both of them
performed better than Group 1, F(2, 93) = .252, p= .778, at .1 significance level, (see
Figure 6.1).

Figure 6.1 Stress-Reducing Effect of Three Treatments on Participants’ Systolic pressure,
Diastolic Pressure and Heart Rate

6.5 Mood Change Analysis: POMS
6.5.1 Reliability Analysis (Cronbach’s Alpha)
Reliability is a “the fundamental issue in psychological measurement” (Ghiselli et
al., 1981, p.184). There are two meanings covered by reliability. One refers to the
stability of the questionnaires over time, known as test-retest reliability (Kline, 2000).
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The second meaning relates to internal consistency, which “is concerned with the
homogeneity of the items comprising a scale” (DeVellis, 1991, p.25). A scale is
internally consistent to the extent that its items are highly inter-correlated and measure
the same construct they claim to measure (ibid.). According to vast majority of scale
constructors the internal consistency for a reliable scale is required to be high (Guilford,
1956). Internal consistency is typically equated with Cronbach’s (1951) coefficient alpha
(DeVellis, 1991), a widely used measure of reliability. A detailed description of the
reasoning procedures for calculating Cronbach’s alpha can be found in Lee Cronbach’s
publications (e.g., Cronbach, 1951).
In this study, for the first, the internal consistency of POMS-Brief was calculated
in SPSS. Cronbach’s alpha values for each subscale are listed in Table 6.6.
Subscale
Tension-Anxiety
Depression-Dejection
Anger-Hostility
Vigor-Activity
Fatigue-Inertia
Confusion-Bewilderment

Cronbach’s Alpha
0.659
0.726
0.627
0.862
0.802
0.213

N of Items
5
5
5
5
5
5

Table 6.6 Report of the Cronbach’s Alpha of the POMS-Brief Questionnaire

George and Mallery (2003) provide the following rules of thumb for Cronbach’s
alpha: “_> .9 – Excellent, _> .8 – Good, _> .7 – Acceptable, _> .6 – Questionable, _> .5 –
Poor, and _< .5 – Unacceptable” (p.231). For the subscale Confusion-Bewilderment, the
Cronbach’s alpha value measured in this study fell into the “Unacceptable” category.
This indicates that, for the sample of subjects in the study, the POMS-Brief may show
insufficient internal consistency regarding “Confusion-Bewilderment” and further
exploration is needed. As a result, this subscale was not reported in the result analysis,
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nor is the “Total Mood Disturbance”. As discussed in the previous chapter the subscales
can be reported individually (Berger & Motl, 2000). Additionally, “ConfusionBewilderment” describes the anxiety affect that was majorly covered by the descriptions
of “Tension-Anxiety” (Terry et al., 2003; Lin et al., 2014). Besides, since “DepressionDejection” is moderately correlated with “Confusion-Bewilderment”, the report of the
other two subscales, this can partially compensate for the absence of “ConfusionBewilderment”.
6.5.2 Comparison of Means
General Comparison
One-way ANOVA analysis has been applied to the mean comparison of subjects’
POMS scores. Figure 6.2 and Table 6.7 has illustrated the results of the between-group
mean comparison. For the “Tension-Anxiety”, “Depression-Dejection” and “AngerHostility” subscales, subjects in Treatment Group 3 (i.e., images of transparent hospital
waiting areas with maximum natural views) reported the lowest mean score, followed by
Treatment Group 2 (i.e., images of hospital waiting room with limited window views of
nature) and Treatment Group 1 (i.e., images of hospital waiting room with no window
view).
Group
1
2
3

Tension-Anxiety
Mean
SD
2.84
2.88
2.50
2.39
2.13
1.81

Depression-Dejection
Mean
SD
1.84
2.50
1.44
2.61
0.73
1.17

Anger-Hostility
Mean
SD
1.06
1.77
0.62
1.16
0.40
0.72

Vigor-Activity
Mean
SD
5.71
3.46
4.82
4.43
3.60
3.66

Table 6.7 Means and Standard Deviations of Five Subscales of POMS-Brief
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Fatigue-Inertia
Mean
SD
5.10
3.54
4.94
3.27
5.57
4.46

Figure 6.2 Five Subscales of POMS-Brief: Mean Plot

There was an undesirable trend for the “Vigor-Activity” and “Fatigue-Inertia”
subscales: for “Vigor-Activity”, subjects from Treatment Group 1 reported the highest
mean score, followed by Treatment Group 2 and Treatment Group 1; and for the latter
subscale, subjects from Treatment Group 3 reported the highest mean score. Interestingly,
previous studies have found undesirable directions for these two subscales (Berger &
Motl, 2000). Goto and colleagues (2013) reversed their Vigor score to get desirable trend
and they argued that “for most individuals a higher Vigor score is to be desired…to be
calm an individual would have to be less vigorous, therefore our analytic approach was to
minimize this attribute” (p.32). However, empirical evidence is still needed to support
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their arguments.
Depression Score Reported by the Female Subjects
The POMS scores were further analyzed by gender and the subscales
“Depression-Dejection” and “Anger-Hostility”, showing statistically significant
differences between the three treatment groups for the female subjects (N = 47).
Descriptive statistics for females are reported in Table 6.8. A one-way ANOVA and posthoc paired comparisons are presented in Table 6.9 and Table 6.10, respectively.
Participants from Treatment Group 1 reported significantly higher depression score (M =
1.93, SD = 2.43) than Treatment Group 2 (M = .42, SD = 1.02) and Group 3 (M = .21, SD
= .58) (p = .007, at 0.05 significance level). But the difference between Treatment Group
2 and Treatment Group 3 was not significant. The trend was illustrated in Figure 6.3.
Descriptives
Sum_DD (Female)
Group
N
Mean
1
2
3
Total

14
19
14
47

1.9286
.4211
.2143
.8085

Std.
Deviation
2.43261
1.01739
.57893
1.65027

Std.
Error
.65014
.23341
.15473
.24072

95% Confidence Interval for Mean
Lower Bound
Upper Bound
.5240
3.3331
-.0693
.9114
-.1200
.5486
.3240
1.2930

Table 6.8 Descriptive Analysis of Depression Score on the Female Participants

ANOVA
Sum_DD (Female)
Between Groups
Within Groups
Total

Sum of Squares
25.359
99.917
125.277

df
2
44
46

Mean Square
12.680
2.271

F
5.584

Sig.
.007

Table 6.9 One-Way ANOVA of Depression Comparison on the Female Participants
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Min.

Max.

.00
.00
.00
.00

7.00
4.00
2.00
7.00

Multiple Comparisons
Sum_DD (Female)
(I)
Treatment
LSD
1

(J)
Mean
Treatment
Difference (I-J)
2
1.50752*
3
1.71429*
2
1
-1.50752*
3
.20677
3
1
-1.71429*
2
-.20677
*. The mean difference is significant at the 0.1 level.

Std.
Error
.53077
.56957
.53077
.53077
.56957
.53077

Sig.
.007
.004
.007
.699
.004
.699

90% Confidence Interval
Lower Bound
Upper Bound
.6157
2.3993
.7573
2.6713
-2.3993
-.6157
-.6851
1.0986
-2.6713
-.7573
-1.0986
.6851

Table 6.10: Multiple Comparisons of Depression Scores on the Female Participants

** p = .007, F(2,45) = 5.584, the mean difference is significant at 0.1 level.

Figure 6.3 Between-Group Comparisons of the Depression-Dejection Scores by Gender
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Anger Score Reported by the Female Subjects
Table 6.11 reported descriptive analysis of Anger scores by females (N = 47).
Table 6.12 - 6.13 and Figure 6.4 reported the one-way ANOVA and post-hoc paired
comparisons. Participants from Treatment Group 1 reported significantly higher anger
score (M = .86, SD = 1.51) than Treatment Group 2 (M =.26, SD = .45) and Group 3 (M =
.14, SD = .36). There was statistically significant difference between Treatment Group 1
and the other two groups on Anger mood states (p = .083, at 0.1 significance level).
However, the difference between Group 2 and Group 3 was not statistical significant.
Descriptives
Sum_AH (Female)
Group
N
Mean
1
2
3
Total

14
19
14
47

.8571
.2632
.1429
.4043

Std.
Deviation
1.51186
.45241
.36314
.92453

Std.
Error
.40406
.10379
.09705
.13486

95% Confidence Interval for Mean
Lower Bound
Upper Bound
-.0158
1.7301
.0451
.4812
-.0668
.3525
.1328
.6757

Table 6.11 Descriptive Analysis of Depression Score on the Female Participants

ANOVA
Sum_AH (Female)
Between Groups
Within Groups
Total

Sum of Squares
4.206
35.113
39.319

df
2
44
46

Mean Square
2.103
.798

F
2.636

Sig.
.083

Table 6.12 One-Way ANOVA of Depression Comparison on the Female Participants
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Min.

Max.

.00
.00
.00
.00

4.00
1.00
1.00
4.00

Multiple Comparisons
Sum_AH (Female)
(I)
Treatment
LSD
1
2
3

(J)
Treatment
2
3
1
3
1
2

Mean
Difference (I-J)
.59398*
.71429*
-.59398*
.12030
-.71429*
-.12030

Std.
Error
.31465
.33764
.31465
.31465
.33764
.31465

Sig.
.066
.040
.066
.704
.040
.704

90% Confidence Interval
Lower Bound
Upper Bound
.0653
1.1227
.1470
1.2816
-1.1227
-.0653
-.4086
.6490
-1.2816
-.1470
-.6490
.4084

*. The mean difference is significant at the 0.1 level.

Table 6.13: Multiple Comparisons of Depression Scores on the Female Participants

** p = .083, F(2,45) = 2.636, the mean difference is significant at 0.1 level.

Figure 6.4 Between-Group Comparisons of the Anger-Hostility Scores by Gender
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*Category 1 = No Window View; Category 2 = Limited Window View to Nature; Category 3 = Transparent
Space with Maximum Natural View

Table 6.14 Ranking of the 21 Images according to Mean Preference Scores
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6.6 Preference Analysis
6.6.1 Descriptive Analysis of Image Preference
Subjects (N= 95) rated 21 images of hospital waiting areas based on their
preference using a 6-point Likert Scale (1= “extremely dislike”; 6= “extremely like”).
The 21 images consisted of three categories of hospital waiting areas, including hospital
waiting rooms with window views (N = 7), limited window views of nature (N = 7), and
transparent space with maximum views of nature (N = 7). A mean preference score is
calculated and the 21 images are ranked accordingly (see Table 6.14).
6.6.2 Comparison of Means: Repeated Measures ANOVA Analysis
To explore the differences between the three categories of images regarding
subjects’ preference (N= 95), Repeated Measures ANOVA was conducted using SPSS.
The mean preference scores were: 2.69 (SD = .67) for Category 1; 3.60 (SD = .57) for
Category 2; and 4.88 (SD = .55) for Category 3. There was a statistically significant trend
that participants preferred the images of transparent hospital waiting areas rather than the
other two categories using Greenhouse-Geisser correction (p< .001, at .05 significance
level), as shown in Table 6.15-6.17 and Figure 6.5.
a

Effect
Preference

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Multivariate Tests
Value
F
b
.876
329.659
b
.124
329.659
b
7.089
329.659
b
7.089
329.659

Hypothesis df
2.000
2.000
2.000
2.000

a. Design: Intercept
Within Subjects Design: Preference
b. Exact statistic

Table 6.15: Multivariate Tests of Preference Score by Categories
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Error df
93.000
93.000
93.000
93.000

Sig.
.000
.000
.000
.000

Tests of Within-Subjects Effects
Measure: MEASURE_1
Source
Preference

Sphericity Assumed
Greenhouse-Geisser

Type III Sum
of Squares
229.798
229.798

Error
(Preference)

Sphericity Assumed
Greenhouse-Geisser

41.775
41.775

df
2
1.469

Mean
Square
114.899
156.401

188
138.113

.222
.302

F

Sig.

517.077
517.077

.000
.000

Table 6.16 Within-Subjects Tests of Preference Score by Categories

Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source
Type III Sum of Squares
df
Mean Square
Intercept
3948.409
1
3948.409
Error
58.557
94
.623

F
6338.223

Table 6.17 Between-Subjects Tests of Preference Score by Categories

Figure 6.5: Between-Group Comparisons of the Preference Scores: Mean Plot
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Sig.
.000

6.6.2 Level of Transparency and the Preference Scores
In this section, the relation between people’s preferences and level of
transparency of the hospital waiting room images was examined. To quantify the
exploration using still images, the level of transparency was operationalized as the ratio
between window views of nature and the full views in one’s vision field. For instance, for
image #1228, the ratio between the area of the window view and the area of the whole
image was 21.4%. A matrix of the level of transparency of all images used in the
preference study was calculated. The ratio on images from Category 1 is 0.0% because of
a lack of window views of nature. The ratio of window views to nature on images from
Category 2 ranges from 1.6% to 21.4%. In Category 3, the images typically have floor-toceiling windows, and the ratio ranges from 34% to 46.7%. A diagram (Figure 6.8) has
visualized and ranked the 21 images according to the level of transparency.

Figure 6.6 Ranking of the 21 Images according to the Level of Transparency
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Pearson correlation analysis was conducted on all subjects’ preference scores,
shown in Table 6.18. There was a significant correlation between the preference score
and the level of transparency which indicated that people’s preference for hospital
waiting areas was related to the window size and the amount of natural views (r = .737, p
< .001, at .01 significance level).
Simple linear regression analysis was also conducted to the preference data. It
indicated that there was significant positive linear correlation existed between preference
score (dependent variable) and the level of transparency (independent variable) (p < .001,
at .01 significance level), as shown in Table 6.18 and Figure 6.7. In other words, as the
level of transparency increases, people’s preference to the image increases accordingly.

Model
1

R
a
.737

R Square
.543

Model Summary
Adjusted R Square
.519

Std. Error of the Estimate
.85915

a. Predictors: (Constant), Level of Transparency

Model
1

(Constant)
Level of Transparency
a.

Coefficients
Unstandardized Coefficients
B
Std. Error
2.859
.050

.253
.011

a

Standardized Coefficients
Beta

t

Sig.

.737

11.293
4.748

.000
.000

Dependent Variable: Preference Score

Table 6.18 Simple Linear Regression Analysis between Preference Score and the Level of
Transparency
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Figure 6.7 Linear Model between Preference Score and the Level of Transparency

6.6.3 Seating Arrangement, Visual Orientation and the Preference Scores
The 21 images generally indicate two types of seating arrangements and each
resulted in a type of visual orientation, including:
Non-institutional Seating Arrangement: major seats were clustered along or faced
to the windows where people’s views were oriented to the outside. Seats were arranged
according to social grouping and non-institutional arrangement. There were 10 images
belong to this type of seating arrangement, including Image #8337, #1304, #1255, #7546,
#2921, #3808, #2333, #1228, #6303 and #3166.
Institutional Seating Arrangement: major seats were arranged back to the
windows and people’s views was oriented to the inside an interior wall. Seats were
arranged institutional and there was a lack of social interaction indicated from the images.
11 images belong to this type, including Image #2497, #3635, #6092; #9842, #5394,
#0296, #6882, #5386, #9579, #8547, and #4571.
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Effect
Seating

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Multivariate Tests
Value
F
b
.849
528.323
b
.151
528.323
b
5.620
528.323
b
5.620
528.323

a

Hypothesis df
1.000
1.000
1.000
1.000

Error df
94.000
94.000
94.000
94.000

Sig.
.000
.000
.000
.000

a. Design: Intercept
Within Subjects Design: factor1
b. Exact statistic

Table 6.19 Multivariate Tests of Preference Score by Seating Arrangement

Repeated Measurement ANOVA indicated that type image type with noninstitutional arrangement gained higher preference scores than images with institutional
seating arrangement (Greenhouse-Geisser test p <.001, at .01 significance level). The
mean score for the former types of images is 4.52 (SD=.047) and the mean score for the
later type was 2.99 (SD =.065). Detailed data analysis was reported in Table 6.19-6.21
and Figure 6.8.

Tests of Within-Subjects Effects
Measure: MEASURE_1
Source
Seating

Error(Seating)

Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity Assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Type III Sum
of Squares
111.116
111.116
111.116
111.116
19.770
19.770
19.770
19.770

df
1
1.000
1.000
1.000
94
94.000
94.000
94.000

Mean
Square
111.116
111.116
111.116
111.116
.210
.210
.210
.210

F

Sig.

528.323
528.323
528.323
528.323

.000
.000
.000
.000

Table 6.20 Tests of Within-Subjects Effects of Preference Score by Seating Arrangement
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Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source
Type III Sum of Squares
Intercept
2677.878
Error
38.081

df
1
94

Mean Square
2677.878
.405

F
6610.205

Sig.
.000

Table 6.21 Tests of Between-Subjects Effects of Preference Score by the Seating Arrangement

Figure 6.8 Between-group Comparison of the Preference Scores: Mean Plot

6.6.4 Correlations between Preference Scores, Mood and Psychophysiological Readings
In this study, three measurements were used as the indicators of stress: (1)
psychophysiological readings (i.e., systolic pressure, diastolic pressure and heart rate), (2)
mood states, and (3) visual preference. The correlation between the preference scores,
mood states and subjects psychophysiological readings were also examined using
Pearson Correlation analysis. Some preliminary evidence showed that subjects’
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preference scores were positively correlated with the decrease of blood pressure and
negatively correlated with mood states scores.
Preference versus Blood Pressure
For participants in Treatment Group 3 who viewed Image #8337 as treatment, it
revealed a significant positive correlation between the decrease of their diastolic pressure
and the preference score on that image. In other words, as people’s preference to a setting
increases, they also perceive stress-reducing effect afforded by the designated setting (r =
.477, N =14, p = .085, at .1 significance level).
Preference versus Mood Score
For participants in Treatment Group 3 that viewed the Image #8337, the mean
preference score had significantly negative correlation with Tension and Depression
subscales, with the r valued -.668 (N =14, p = .009, significant at .01 level) and -.566 (N
=14, p = .035, significant at .05 level), respectively. In other words, people’s mood states
change positively when people’s preference to the setting increases. Detailed analysis
was reported in Appendix K.
6.6.5 Other Spatial Features that Impact People’s Preference
To explore other spatial features that potentially impacted people’s preference,
factory analysis of the 21 images were conducted first. Then the between-group
comparison of the preference scores by the identified factors was conducted using
Repeated Measures ANOVA.
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KMO and Bartlett’s Test
The Kaiser-Meyer-Olkin (KMO) Measure of sampling adequacy revealed that the
sample was adequate for the factor analysis (.710). The KMO statistic can vary between 0
and 1.0. Kaiser (1974) recommends accepting values that are above .50. Furthermore,
values between .5 and .7 are mediocre, values between .7 and .8 are good, values between
.8 and .9 are great and values above .9 are superb (Kaiser, 1974). As shown in Table 6.24,
the Bartlett’s Test of Sphericity revealed that there are significant relationships existed
between the variables (p < .001, at .05 significance level).
KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Bartlett’s Test of
Approx. Chi-Square
Sphericity
df
Sig.

.710
713.115
210
.000

Table 6.22 KMO Measure of Sampling Adequacy and Bartlett’s Test of Sphericity

Factor Rotation
Assuming the factors are not highly correlated with each other, the “orthogonal”
solution and Varimax rotation method was used in the factor analysis since it has been
the most frequently used rotation method in published articles (University of Colorado
Denver, n.d.). From the Total Variance Explained Matrix and the Scree Plot, factors
loaded .40 or above were identified, 6 factors in total (see Appendix L-M).
The Six Factors
The 21 images were re-ranked and reported according to the factor loading and
the common themes for each factor, as shown in Table 6.23-6.28.
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Factor 1 included six images that have “no window view or limited window
views with institutional seating arrangement”. The mean preference score for this factor
was 2.34 (SD = .69). There was no direct visual connection to the outside from images in
the first factor.
Factor 1: No Window or
Limited Window Views with
Institutional Seating
Arrangement

ID #
3166

Loading
.826

ID #
4571

Loading
.783

ID #
8547

Loading
.770

ID #
5386

Loading
.617

ID #
6882

Loading
.532

ID #
0296

Loading
.420

No direct visual connection to
the outside.
Initial Eigenvalues:
5.417
Preference Score:
M = 2.34
SD = .69

Table 6.23 Factor 1 and the Images Included

Factor 2 included four images that are “transparent spaces with maximum natural
view”. Besides, images from this factor have floor-to-ceiling windows, clear visual
connections to the external therapeutic landscapes/healing gardens, and definite
perception of the depth of the space. Images in this factor also indicated moderately high
complexity and superior interior design. Mean preference score for Factor 2 was 4.89 (SD
= .62).
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Factor 2: Transparent Space with Maximum Natural
View

ID #
3808

Loading
.723

ID #
1304

Loading
.691

ID #
2921

Loading
.669

ID #
7546

Loading
.543

Floor-to-ceiling windows; Clear visual connection to
the external therapeutic landscapes; Definite
perception of the depth of the space; Moderately high
complexity; Superior interior design.
Initial Eigenvalues:
2.646
Preference Score:
M = 4.89
SD = .62

Table 6.24 Factor 2 and the Images Included

Factor 3 included five images that have “no window or limited window views to
nature with non-institutional furniture arrangement”. Seats in the images of this factor are
arranged according to social grouping arrangement. It included images with home-like
interior designs with comfortable furniture. This factor had a mediocre preference scores
(M = 3.81, SD = .70).
Factor 3: No Window or
Limited Window Views to
Nature with Noninstitutional Furniture
Arrangement
Social groupings of the
seats.
Initial Eigenvalues:
1.719

ID #
2497

Loading
.796

ID #
5394

Loading
.767

ID #
9842

Loading
.476

ID #
1228

Loading
.451

Preference Score:
M = 3.81
SD = .70

Table 6.25 Factor 3 and the Images Included
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ID #
3635

Loading
.551

Factor 4 clustered two images that have “limited or maximum natural views with
presence of the natural materials and the fireplace”. This factor has gained the highest
mean score on preference (M = 5.05, SD = .75).
Factor 4: Limited or
Maximum Natural Views
with Presence of the
Natural Materials and
the Fireplace

Initial Eigenvalues:
1.355

ID #
8337

Loading
.830

ID #
2333

Loading
.789

Preference Score:
M = 5.05
SD = .75

Strong lighting contrast

Table 6.26 Factor 4 and the Images Included

Factor 5 clustered two images that were “transparent space with maximum
natural view, abundant natural light and perceivable warmth”. The mean score for this
factor was 4.60 (SD = .86).
Factor 5: Transparent
Space with Maximum
Natural View, Abundant
Natural Light and
Perceivable Warmth

Initial Eigenvalues:
1.202

ID #
6303

Loading
.654

ID #
1255

Loading
.619

Preference Score:
M = 4.60
SD = .86

Table 6.27 Factor 5 and the Images Included

Factor 6 included two images that have “institutional furniture arrangement in the
least defensible space”. Images in this factor depict neutral spaces without window views
to nature. However, more than three doors to other rooms are perceivable from the
vantage point, which may indicate a space with lack of privacy and least defensible. The
mean score for this factor was 3.06 (SD = .85).
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Factor 6: Institutional
Furniture Arrangement in
the Least Defensible
Space

Initial Eigenvalues:
1.023

ID #
6092

Loading
.828

ID #
9579

Loading
.500

Preference Score:
M = 3.06
SD = .85

Table 6.28 Factor 6 and the Images Included

Between-Group Comparison of the Preference Scores by the Six Identified Factors
Repeated Measures ANOVA was conducted to compare the differences between
the six factors on preference scores, as shown in Table 6.29-6.31. It indicated a
statistically significant difference between the six factors on people’s preference (p <
.001, at .05 significance level). Figure 6.9 also indicated that images belong to Factor 2,
Factor 4 and Factor 5 were most preferred. People somewhat likes Factor 3 and
somewhat disliked Factor 6, and images that belong to Factor 1 were the most disliked.
Multivariate Tests
Effect
Preference

Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Value
.924
.076
12.192
12.192

a

F
b
219.455
b
219.455
b
219.455
b
219.455

a. Design: Intercept
Within Subjects Design: Preference
b. Exact statistic
c. Computed using alpha = .05

Table 6.29 Multivariate Tests of Preference Score by Factors
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Hypothesis df
5.000
5.000
5.000
5.000

Error df
90.000
90.000
90.000
90.000

Sig.
.000
.000
.000
.000

Tests of Within-Subjects Effects
Measure: MEASURE_1
Source
Preference

Sphericity Assumed
Greenhouse-Geisser

Type III Sum
of Squares
563.547
563.547

Error
(Preference)

Sphericity Assumed
Greenhouse-Geisser

208.545
208.545

df

Mean Square

5
3.996

112.709
141.017

470
375.654

.444
.555

F

Sig.

254.014
254.014

.000
.000

Table 6.30 Within-Subjects Tests of Preference Score by Factors

Tests of Between-Subjects Effects
Measure: MEASURE_1
Transformed Variable: Average
Source
Type III Sum of Squares
df
Mean Square
Intercept
8933.233
1
8933.233
Error
108.456
94
1.154

F
7742.549

Table 6.31 Between-Subjects Tests of Preference Score by Factors

Figure 6.9 Between-Group Comparisons of Preference Scores by Factors: Mean Plot
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Sig.
.000

6.7 Summary
In this study, 95 subjects (male= 48, female= 47) were randomly assigned into
three treatment groups. In the first part of the study, one-sample t-tests were indicated
that for all subjects their psychophysiological readings (i.e., systolic pressure, diastolic
pressure and heart rate) significantly increased during the movie stressor period, which
suggested that the movie was effective in inducing stress.
During the treatment image period, there was a nonstatistically significant trend
such that subjects in Treatment Group 1 (i.e., images of hospital waiting rooms with no
window views) reported the lowest amount of decrease (by percentage) on systolic
pressure, diastolic pressure, and heart rate. Subjects in Treatment Group 2 (i.e., images of
hospital waiting areas that have limited window views to nature) reported higher amounts
of decrease (by percentage) on diastolic pressure and heart rate; while subjects in
Treatment Group 3 (i.e., images of transparent hospital waiting areas that have maximum
window views to nature) reported higher amount of decrease (by percentage) on systolic
pressure. However, all of the trends were not statistically significant.
In the second part of the study, three groups of participants’ (N = 95) mood states
are surveyed using the brief version of Profile of Mood States questionnaire (McNair, et
al., 1971, 2003). One-way ANOVA indicated that, for the females, there were statistically
significant differences between Group 1 and the other two groups on the Depression and
Anger subscales.
In the third part of the study, the same participants (N = 95) watched a mixture of
21 images of hospital waiting areas, classified into three categoires (i.e., Category 1=
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images of hospital waiting rooms with no window view, N1 = 7; Category 2 = images of
hospital waiting rooms with limited window views to nature, N2 = 7; Category 3= images
of transparent hospital waiting areas with maximum natural views to nature, N3 = 7), and
reported their visual preference to each image using a 6-point Likert scale. For the
preference analysis to the individual images, Image #8337 gained the highest preference
score and Image #4571 had the lowest. For the between-group comparisons, images in
Category 1 had the highest mean preference scores, followed wby Category 2 and
Category 1. There was statistically significant difference between the three categories that
transparent hospital waiting areas with maximum natural views were the most preferred
by people. In addition, a positive linear relationship existed between people’s preference
and the level of transparency. In other words, as the amount of natural views increase
people’s preference to the image increases accordingly. Besides, some preliminary
evidences revealed that there was significant correlation between people’s preference
score, the decrease of the diastolic pressure, and the mood states score.
Factor analysis and linear regression analysis of participants’ responses further
revealed six spatial factors that may impact people’s preferences on hospital waiting
room design. Transparent spaces with floor-to-ceiling windows and clear visual
connection to the external therapeutic landscapes generally increased people’s preference.
People preferred the images of hospital waiting areas with abundant natural light and
non-institutional furniture arrangement. Besides, comfortable seating, the presence of
natural materials and the fireplace may also increase people’s visual preference to that
space.
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CHAPTER SEVEN
TOWARDS A SHIFTED DESIGN PARADIGM OF
URBAN HEALTHCARE ENVIRONMENT

7.1 Conclusions
Based on the previous data analyses and findings, the research questions were
answered. Four conclusions were followed:
Conclusion 1: Transparent hospital waiting areas with maximum natural views
may perform the best on stress reduction, in comparison with the spaces with no or
limited window views to nature. However, more evidences are needed in future studies.
Conclusion 2: Transparent hospital waiting areas with maximum natural views
may perform the best on mood change, specifically for the females on certain negative
moods, such as “Depression” and “Anger”.
Conclusion 3: People prefer hospital waiting areas with maximum natural views
compared with two other typical design patterns - (a) total exclusion of nature, and (b)
with limited window views of natural features.
Conclusion 4: People’s visual preference to the image of transparent hospital
waiting areas with maximum natural views correlated with the stress-reducing and moodchanging effects afforded by the given image. It indicated that transparency design with
maximum natural views may optimize stress reduction in health facilities.
7.2 Discussion of Findings
From the results analyzed in the previous chapter the research hypotheses were
partially proven in this study, detailed discussions as followed:
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7.2.1 Transparent Space and the Stress Reduction
For the first research hypothesis, “people's levels of stress will decrease most
significantly when seeing the image of a transparent hospital waiting area that has
maximum natural views rather than images of hospital waiting areas that have limited or
no window views of nature”, no statistically significant evidences were found to fully
support the hypothesis. Generally there is a trend that images of hospital waiting areas
with certain amount of window views to nature have better stress-reducing effects than
the images with no window views at all.
The observed powers in the ANOVA analysis for the systolic pressure, diastolic
pressure and heart rate were low – .123, .204 and .157, respectively. The low powers
have resulted in the nonstatistical significance. Generally, power that is .80 or higher is
considered as sufficient and the sample size may be sufficient for common research
purposes (Brown, 2007). If the power statistic is not large enough, increasing the sample
size could be a method to increase power (ibid.).
In the stress-study part a stressor movie was introduced to increase subjects’ stress
level first. Although there was a statistically significant increase on subjects’ vital
readings in the stressor movie period (i.e., it was increased by 4.0% on systolic pressure,
4.2% on diastolic pressure, and 3.3% on heart rate), the effectiveness of the stressor may
not be sufficiently strong. Therefore participants’ recovery during the image-viewing
period was not significant.
7.2.2 Transparent Space and the Mood Change
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For the second research hypothesis, “after viewing the image of a transparent
hospital waiting area that has maximum natural views, people's mood will be more
positive than viewing images of hospital waiting areas that have limited or no window
views of nature”, statistically significant evidences were found to support this hypothesis
on female subjects (N=47). The female subjects’ depression and anger scores were
significantly decreased while watching the images of transparent hospital waiting areas
with maximum natural views, which indicates that transparent spaces may have moodchanging effect on the females. The results in mood change analysis implicates that for
the planning and design of the public spaces within a healthcare facility, especially
facilities for women, the application of transparency design may positively decrease
users’ depression and anger mood, hence easing their stress.
7.2.3 Transparent Space and People’s Preference
From the frequency analysis of people’s preference scores to the three categories
of images, transparent spaces with maximum natural views have gained the highest mean
score. In addition, the top six most favorable images all belong to Category 3 (i.e., images
of transparent hospital waiting areas with maximum natural views), followed by the
images with limited window views. Hospital waiting areas with no window views have
gained the lowest preference score. The preference study also tests the transparency
features of the waiting spaces and several other variables associated, such as amount of
window views, natural light, interior design, seating arrangement and the orientation of
people’s sight of line. Results have revealed that transparent waiting areas with the
following features may gain the optimum visual preferences, including: (1) floor-to-
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ceiling windows and maximum natural views; (2) abundant natural light and perceivable
warmth; (3) abundant views to therapeutic landscapes/healing gardens; (4) seats clustered
along the window in a social grouping arrangement with direct visual connection to the
outside; (5) natural materials for the interior design such as stones, bricks and wood
decoration; lighting contrast is preferred to be strong; (6) home-like interior designs such
as a comfortable couch, lamps and a fireplace.
7.3 Contribution to the Literature
7.3.1 “Window Studies” in Healthcare Design
Window Views in Personal Space versus Public Space in Health Facilities
Window side may be the most approachable place that patients know about the
outside. For certain fragile patients that are not allowed to go out, windows may become
the only medium they communicate with the external world. As a result, window-themed
studies have gained continuous research interests in the realm of healthcare design since
1970s. Studies about windows have contributed to better healthcare environments and
improvements of perceived quality of care (Ulrich, 2000; Ulrich et al., 2008; Schweitzer
et al., 2004; Stigsdotter et al., 2011).
Previous studies have mainly focused on the health benefits related to window
presence/absence (Verderber, 1986), types of window views (Ulrich, 1984, Verderber,
1986), natural features afforded by windows, such as natural light (Shepley et al., 2011),
and windows in specific personal spaces in hospitals, such as patient rooms (Ulrich,
1984), and intensive care units (ICU) (Wilson, 1972; Keep et al., 1980; Shepley, 2011).
For instance, the most cited study by Ulrich (1984) focused on two types of window
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views (i.e., nature versus a brick wall) and patients’ recovery from surgeries in the patient
rooms. Verderber (1986) has proven that patients prefer bedside-window views of nature
in the patient room. In addition, patients in ICUs with windows report better sensation of
the rhythm of treatment activities and better sleep qualities (Keep et al., 1980).
Ulrich (2008) has suggested that large windows with natural views afforded
should be designed in not only patient rooms but also in procedure spaces, treatment
rooms, and waiting areas. However, there are still insufficient studies about window
views in the public spaces within a hospital. The study about window views and spatial
features could be a valuable contribution to the literature (see Figure 7.1). Research
findings have indicated that people favor transparency design applied in the hospital
waiting areas. Having maximum window views to nature and abundant natural light are
preferred over limited or no window views. In addition, transparent spaces with
maximum natural views may have strong potential to weaken people’s negative mood,
particularly to female users on the depression and anger subscales. Positive mood change
and visual preference can potentially reduce stress and result in positive health outcomes.
Window Size and Amount of Natural Views
“Windows are more than openings in an exterior wall, and must be considered for
their size and proportion” (Shepley, 2006, p.36). Existing studies are mainly about types
of views but very few of them focus on the size of windows and amount of natural views
in healthcare environments. In Ulrich’s study, patients viewed external scenes from a
window sized 1.83m high and 1.22m wide (Ulrich 1984). Verderber (1986) conducted a
study on person-nature transactions in hospital environments and evaluated a series of
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spaces ranging from highly windowed to windowless. He found that small, distant or
high windows or windows with high sills were ranked as poorly as no window views at
all (Verderber, 1986). However, there are more and more floor-to-ceiling windows and
curtain walls designed in current hospital buildings, and there are still fewer studies
existing to test users’ health outcomes in such type of spaces.

Figure 7.1 EBD Literature on Topics of window views in healthcare environments

In this study about the “therapeutic viewing place” in healthcare public spaces,
the antecedent conclusion is that the floor-to-ceiling windows are not harmful to people’s
health regarding their perceived levels of stress. Since “first, do no harm” has become a
basic principle for healthcare designs (Levin, 2006), although the decreasing effects on
blood pressure and heart rate are not statistically significant, it is still valuable to prove
the harmlessness. Moreover, images of the hospital waiting areas with floor-to-ceiling
windows have been proven effective in mood change, specifically on depression and
anger subscales for the females. They have also gained the most preference scores, which
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could increase people’s pleasure and eventually reduce stress. Figure 7.1 has
demonstrated the study as a contribution to the EBD literature on topics of window views
in healthcare environment.
7.3.2 Positive Distractions and the “Waiting Room” Study
Waiting room themed study is an important component to the healthcare research
and design. “Waiting is an integral part of the healthcare experience…and there is general
agreement that the waiting periods are perceived as long, uneventful, and stressful.” (Pati
& Nanda, 2011, p.124). Previous studies have stated that improving the physical
environment of waiting areas can reduce perceived waiting time and improve satisfaction
(Thompson, 1996; Pruyn & Smidts, 1998) and perceive better quality care (Arneill &
Devlin, 2002). Beukeboom and colleagues (2012) found that having real or artificial
interior plantings can reduce people’s stress. Pati and Nanda (2011) has conducted a
study on the influence of positive distractions on pediatric patients in healthcare waiting
rooms. They found that positive distractions (e.g., natural images and a natural aquarium
video played on TV monitors) are significantly associated with focused attention and
calmed behaviors. Beyond these findings, empirical evidence from this study indicates
that having a window with maximum natural views can add as an addition to the positive
distractions in hospital waiting area design.
7.3.3 Correlation between Visual Preference and Stress-Reduction
As discussed in Chapter Two, there are two main branches of theories explaining
nature’s healing mechanisms within the scope of environmental psychology, including
Kaplan and Kaplan’s Attention-Restoration Theory (Kaplan & Kaplan, 1989; Kaplan,
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1992; Kaplan, 1995) and Ulrich’s Aesthetic-Affective Theory (Ulrich, 1983; Ulrich et al.,
1991; Ulrich, 1999). Kaplan (1995) has presented an integrative framework that places
both of the two branches in the larger context of the human-environment relationships
model trying to synthesize two theories. The integrative framework was theoretically
validated.
Adapted within this framework, van den Berg and colleagues (2003) assumed that
the specific preference for natural environments was linked to the given environments’
potential to provide restoration from stress or fatigue. They provided some preliminary
evidences about the mediating role of restoration in environmental preference by
analyzing the correlation between people’s mood and the concentration test (Van den
Berg, et al., 2003). However, there is still a need for reasoning and evidences to explore

Figure 7.2 Pearson Correlation Analysis between Visual Preference, Diastolic Pressure and Mood
States Scores
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the correlation between visual preferences to the environment and the environmental
restorativeness, particularly in an architectural environment. In this study, it was tested
the correlation analysis between people’s preference to an image of a hospital waiting
area (i.e., Image #8337 that represented transparent hospital waiting area), their
psychophysiological reaction and mood response to the given image, respectively. Figure
7.2 has demonstrated the correlation between these variables.
Findings from this part of the study have revealed that visual preference to a
certain environment is correlated with the stress-reducing and mood-changing effect
afforded by the given environment. Therefore, the visual preference scores could be an
effective measurement regarding to the studies about built environment well-being,
specifically on the topics of stress and mood.
7.4 Design Implications
Analysis and discussions mentioned above have indicated that the twelfth pattern
of transparent space, “therapeutic viewing place”, has strong potential to reduce people’s
negative mood, optimize people’s visual preference and eventually reduce stress. It is
essential to test the pattern “therapeutic viewing place” first because seating areas are
usually embedded within all types of healthcare public spaces. Therefore, the research
findings and implications are not just applicable to waiting rooms, but also the lobby with
seats, elevator-side seating areas, dining hall, coffee bar and the seats in the concave
areas along the corridor.
Design Implications to the Therapeutic Viewing Place
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(1) Large windows or high window-wall ratios are preferred in therapeutic
viewing places.
(2) Direct views to the external therapeutic landscapes/healing gardens are
preferred; avoid non-pleasing scenes such as parking lots and brick walls.
Views to water features and vegetation are highly preferred scenes (Kaplan &
Kaplan, 1982; Herzog, 1985). Views to the neighborhoods and community
activities are acceptable (Verderber, 1986).
(3) People’s line of sight should be directed to the external nature; abundant
natural light and perceivable warmth are preferred.
(4) Seats should be clustered along the windows according to the social grouping
arrangement. Avoid institutional furniture arrangement.
(5) Comfort seats and home-like interior designs are favorable, such as lamps,
natural materials and the fireplace.
Indications to other Patterns of Transparent Space in Healthcare Design
Although the images of transparent hospital waiting areas used in the study
descripted the “12-Therapeutic Viewing Place”, they are actually derived from various
healthcare public spaces, therefore indicating other patterns of transparent spaces as well.
The seven images from Category 3 (i.e., images of transparent hospital waiting areas with
maximum natural views) and the corresponding patterns were illustrated in Figure 7.3.
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Figure 7.3 Indications to the Pattern Language of Transparent Space in Healthcare Design

Based on experts’ opinions, results from the factor analysis were further discussed
in relation to the framework of the twelve design patterns. Three factors and five patterns
are involved:
(1)

Aside from the “Therapeutic Viewing Place”, the four images from
“Factor 2- Transparent Space with Maximum Natural View” (i.e.,
Image 3808, 1304, 2921, and 7546) can also indicate the patterns of
“Dematerialized Boundaries,” “Green Lightwell,” and “Half-Hidden
Garden.”
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(2)

Aside from “Therapeutic Viewing Place”, the image from “Factor 4Limited or Maximum Natural Views with Presence of the Natural
Materials and the Fireplace” (i.e., Image 8337 that described a seating
area along a hallway) can also indicate the “Transparent Movement
Arteries” pattern.

(3)

Aside from “Therapeutic Viewing Place”, the images from “Factor 5Transparent Space with Maximum Natural View, Abundant Natural
Light and Perceivable Warmth” can also indicate the patterns of
“Transparent Movement Arteries” and “Green Lightwell.”

When designing the waiting areas, introducing the green lightwells or half-hidden
gardens can bring nature more into the interiors. To achieve high levels of transparency at
the building boundaries, corridors and hallways, floor-to-ceiling windows are preferred.
However, windows should be opened toward the visually aesthetic scenes and people’s
line of sight should be directed outside. Seats arranged away from the windows received
similarly low preference scores. Natural materials and non-institutional interior design for
these patterns are also preferred.
7.4 Contributions to Methodologies
This study innovatively synthesized various quantitative methods and formed a
survey-embedded quasi-experimental study, including: (1) the rigorous testing of
people’s psychophysiological responses (i.e., blood pressure and heart rate), (2) selfreported measures of mood states, and (3) visual preference study, using photo-based
simulation techniques. It was tested that both of the photo-based methodologies of visual
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environmental study and CIM (i.e., Category-Identifying Methodology using factor
analysis) were effective in the studies of architectural/interior environment. They were
also practical methods in the healthcare environmental study regarding the requirements
for rigor from evidence-based research and design. As the study was assumed and
conducted within the integrative framework, the retrospective examination of the
relationship between preference scores and the previous two measures (i.e.,
psychophysiological readings and mood scores) was essential. For future studies with
stress or mood as the target health outcomes, the analysis of visual preference may be
effective supplementary evidence.
7.5 Limitations
First, low observed power and small effect size in the first part (i.e., measures of
blood pressure and heart rate) of the study is one of the limitations of this study.
Increasing the manipulation effect of the stressor and sample size may result in an
increased power. A manipulation check should be added to test the manipulation effect of
the movie clip as a stressor in the future if similar procedures are selected. Second,
regarding the retrospective study of the correlation between preference scores,
psychophysiological readings and mood scores, a larger sample size may lead to stronger
power in a similar study in the future. Third, this study was designed as a pure
quantitative study. However, qualitative parts, such as open-ended questions about
people’s perception to the given images, may also be valuable data to collect. A followup focus group study may add interesting explorations to the study. Finally, due to the
different capabilities of perceiving and immerging oneself into a given image, differences
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in the levels of perceived presence (Vincent, 2009) may vary between the participants in
this study. As a result, a testing on participants’ perceived levels of presence should be
conducted in a similar study in the future.
7.6 Future Studies
This study proposed a preliminary pattern language of transparent spaces that
could potentially be applied in the healthcare design, specifically in the urban healthcare
environments. Rigid test about one of the twelve patterns, “therapeutic viewing place”,
revealed that it may positively change users’ mood and optimize stress-reduction by
designing transparent spaces in the healthcare public spaces where seats are necessary,
such as the lobby with seats, waiting rooms, dining space, seating areas in the elevatorextended spaces and corridors. In terms of the potential health benefits of the other 11
design applications of transparent spaces, additional research efforts are worth making in
the future. For instance, it could be an interesting study to test the nature-integrated
transparent corridor and the potential improvement in hospital way-finding.
The differences in the mood change effect of transparency design by genders were
detected in this study. This study found that transparent hospital waiting areas with
maximum natural views showed statistical significance on mood change for the female
participants, specifically on certain negative moods – “Depression” and “Ange”. Based
on these, it could be a necessity to explore the gender differences regarding the
perception of transparent spaces in healthcare environments. This may help provide
evidence-based design suggestions for healthcare facilities with mainly female occupants.
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Follow-up post-occupancy evaluations of the waiting areas in real hospitals will
link the findings to real healthcare environments and may further add evidences to the
research topic. In terms of the complicated existence of real healthcare environments, it is
necessary to critically apply transparent designs. Many other variables need to be further
explored, such as patient privacy, flows and efficiency, energy efficiency, and hospitalacquired infection. The functionally deconstructed large-hospital may inevitably lengthen
the traveling distance within the medical campus. It could be another interesting topic to
explore the corporative design strategies with the Lean hospital design concept.
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APPENDICES
Appendix A
Image Sorting and Ranking Task: Instruction Verbal Script

Thank you for agreeing to participate in this focus group study. This is an image sorting and
ranking task for a research conducted by Dr. Matthew Powers (Principal Investigator) and Shan
Jiang (Co-Investigator). The objective of this focus group is to sort and rank the images of
hospital waiting rooms that are going to be used in an academic research. Results of this task
will be used to select images and control the variables shown on the images.

There are no foreseeable risks or discomforts associated with this focus group study. The survey
is voluntary. The amount of time required for your participation will be approximately 15
minutes. Your survey answers will be strictly confidential. You may choose not to participate and
you may withdraw your consent to participate at any time. Each participant will receive a
reward after you finish the task.

Your participation will involve in completion of a paper-pencil questionnaire consisted of two
parts. The first part is demographic questions. Please now fill out the questions in Park One (on
pp.2) that ask about yourself.

Now, let’s move to the second part, image sorting and ranking task. Please remove the
documents from your pocket at this time. There is a shuffle of images, a sorting task scripts, a
score sheet, and a questionnaire of open-ended question inside. Here is an overview of your
activities today.
(1) First I will give you some background and define the image categories for you and show
you sample images for each category (pp.3-pp.5).
(2) Then you are asked to sort the images into three categories according to the category
description. Each category is limited up to 18 images.
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(3) Thirdly, you are asked to rank the images within each category from “most” to “least”
representative of that category. Please note that this is not a preference study. Please
rank the images according to the category description.
(4) Next, please record the ID numbers of your images on the score sheet (pp.7) according
to your ranking order. Please flip over each image to find its ID number on the back.
(5) Finally, please answer an open-ended question (pp.6) and write down your comments
about the images, if any.

If you have any additional questions regarding this study, please contact Shan Jiang at
jiang6@g.clemson.edu or 864-722-3458. Thank you again for your participation.
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Appendix B
Image Sorting and Ranking Task: Demographics Questions

(1) What is your age?
□ Under 18
□ 18-30
□ 31-45
□ 46-60
□ Over 60
(2) What is your gender?
□ Male
□ Female
(3) What is your ethnicity?
□ White
□ Hispanic or Latino
□ Black or African American
□ Native American or American Indian
□ Asian/Pacific Islander
□ Other, please specify____________
(4) What is the highest degree or level of school you have completed?
If currently enrolled, highest degree received.
□ No schooling completed
□ Nursery school to 8th grade
□ Some high school, no diploma
□ Some college credit, no degree
□ Trade/technical/vocational training
□ Associate degree
□ Bachelor’s degree
□ Master’s degree
□ Professional degree
□ Doctorate degree
(5) What is your current major?
Please specify___________________
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Appendix C
Image Sorting and Ranking Task Sheet
Most

Ranking
Order
1

No Natural View

Limited
Natural View

Maximum
Natural View

2
3
4
5
6
7
8
9

Instruction:

10

1.

11
12
13

2.

14
15
16
3.

17
18

Least
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Please sort the images of
hospital waiting areas into
three categories:
(1) No natural view;
(2) Limited natural view;
(3) Transparent with
maximum natural view.
Please reorder the images
within each category pile
from the “most”
representative of the
category to the “least”
representative of the
category.
Please record the image ID
numbers on the scoring
sheet, starting with the most
representative and ending
with the least representative.

Appendix D
Image Inventory: Images Used As Treatments

Treatment Group 1: Hospital Waiting Areas with No Window View

Treatment Group 2: Hospital Waiting Areas with Limited Window Views of Nature

Treatment Group 3: Transparent Hospital Waiting Areas with Maximum Natural Views
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Appendix E
Image Inventory: 21 Images Used for the Preference Study

#4571 Category 1

#5386 Category 1

#9579 Category 1

#0296 Category 1

#8547 Category 1

#5394 Category 1

#6092 Category 1

#1228 Category 2

#2333 Category 2

#3635 Category 2

#6882 Category 2

#9842 Category 2
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# 3166 Category 2

#2497 Category 2

#1255 Category 3

#8337 Category 3

#1304 Category 3

#2921 Category 3

#3808 Category 3

#6303 Category 3

#7546 Category 3

Note:
Category 1 = Images of hospital waiting areas with no window views to nature;
Category 2 = Images of hospital waiting areas with limited window views to nature;
Category 3 = Images of hospital waiting areas with maximum window views to nature.
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Appendix F
IRB Approval Document: Written Consent
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Appendix F
IRB Approval Document: Written Consent (Continued)
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Appendix G
Recruiting Advertisement

193

Appendix H
Study Instrument: Instruction

A Study About Views from Hospital Waiting Rooms

Instructions:
Thank you for agreeing to participate in this survey embedded quasi-experimental
study conducted by Dr. Matthew powers (Principal Investigator) and Shan Jiang (CoInvestigator). The objective of this study is to study different types of views from hospital
waiting areas. You will see different images of hospital waiting area design and your blood
pressure and heart rate will be measured. You will also be asked to report your mood
states and preference to different images.
There are no foreseeable risks or discomforts associate with this study. The survey is
voluntary. The amount of time required for your participation will be approximately 30
minutes. All data will be strictly conﬁdential. You may choose not to participate and you
may withdraw your consent to participate at any time. Each participant will receive 10-dollar
cash as reward after you ﬁnish the study.
Your participation will involve in completion of a demographic survey and three parts.
In Part 1, you will see a black screen and relax for 5 minutes ﬁrst, and next watch a movie
clip, and then view an image for 8 minutes. During Part 1, your heart rate and blood
pressure will be continuously measured. Part 2 of the study is a survey of your mood
states. Finally, you will take Part 3. In Part 3, you will be presented a series of 21 slides of
images illustrating different designs of hospital waiting areas. You will be asked to score
each image according to your own preference, from extremely dislike (1 point) to extremely
like (6 point).
Please read the “Information about Being in a Research Study” carefully. If you agree
to attend the study, please sign the written consent. If you have any additional questions
regarding this study, please contact Shan Jiang at jiang6@g.clemson.edu or
864-722-3458.
Thank you again for your time and consideration!

Planning Design and Built Envir onment (PDBE) | Architecture + Health (A+H) | Clemson University
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Appendix I
Study Instrument: Demographic Survey

A Study About Views from Hospital Waiting Rooms

Demographic Questions:
1. What is your age?
Under 18
18-30
31-45
46-60
Over 60
2. What is your gender?
Male
Female
3. What is your ethnicity?
White
Hispanic or Latino
Black or African American
Native American or American Indian
Asian / Paciﬁc Islander
Other, please specify_____________________
4. What is the highest degree or level of school you have completed?
If currently enrolled, highest degree received.
High school graduate, diploma or the equivalent (for example: GED)
Some college credit, no degree
Trade/technical/vocational training
Bachelor’s degree
Master’s degree
Doctorate degree
Other, please specify
5. What is your current major?
Please specify___________________________
6. Are you an athlete?
Yes
No

Planning Design and Built Envir onment (PDBE) | Architecture + Health (A+H) | Clemson University
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Appendix J
Study Instrument: Preference Survey Questionnaire
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Appendix J
Study Instrument: Preference Survey Questionnaire (Continued)
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Appendix K
Pearson Correlation Analysis of Preference Score and Mood States Scores
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Appendix L
Total Variance Explained the Number of Factors
Total Variance Explained
Initial Eigenvalues
Rotation Sums of Squared Loadings
Component
Total
% of Variance Cumulative %
Total
% of Variance Cumulative %
1
5.417
25.794
25.794
3.554
16.926
16.926
2
2.646
12.600
38.394
2.500
11.902
28.828
3
1.719
8.187
46.581
2.411
11.481
40.309
4
1.355
6.453
53.034
1.807
8.604
48.913
5
1.202
5.726
58.760
1.589
7.565
56.478
6
1.023
4.874
63.633
1.502
7.155
63.633
7
.868
4.133
67.766
8
.848
4.038
71.804
9
.838
3.991
75.794
10
.780
3.713
79.507
11
.628
2.989
82.496
12
.596
2.837
85.334
13
.546
2.598
87.931
14
.488
2.322
90.253
15
.441
2.099
92.352
16
.346
1.647
93.999
17
.323
1.540
95.539
18
.310
1.478
97.017
19
.243
1.159
98.176
20
.235
1.121
99.296
21
.148
.704
100.000
*Extraction Method: Principal Component Analysis.
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Appendix M
Rotated Component Matrix and the Six Factors Identified

a

Rotated Component Matrix
Component
1
2
3
4

5
IMAGE_6092
IMAGE_2333
.789
IMAGE_9579
IMAGE_8337
.830
IMAGE_0296
.420
IMAGE_1255
.619
IMAGE_7546
.543
IMAGE_5386
.617
IMAGE_2497
.796
IMAGE_3808
.723
IMAGE_6882
.532
IMAGE_3635
.551
IMAGE_9842
.476
IMAGE_2921
.669
IMAGE_4571
.783
IMAGE_5394
.767
IMAGE_8547
.770
IMAGE_6303
.654
IMAGE_1304
.691
IMAGE_1228
.451
IMAGE_3166
.826
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.
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6
.828
.500

